Final Report: Wasatch Airborne Seeding Program by Hill, Geoffrey E.
Utah State University 
DigitalCommons@USU 
Reports Utah Water Research Laboratory 
January 1970 
Final Report: Wasatch Airborne Seeding Program 
Geoffrey E. Hill 
Follow this and additional works at: https://digitalcommons.usu.edu/water_rep 
 Part of the Civil and Environmental Engineering Commons, and the Water Resource Management 
Commons 
Recommended Citation 
Hill, Geoffrey E., "Final Report: Wasatch Airborne Seeding Program" (1970). Reports. Paper 435. 
https://digitalcommons.usu.edu/water_rep/435 
This Report is brought to you for free and open access by 
the Utah Water Research Laboratory at 
DigitalCommons@USU. It has been accepted for 
inclusion in Reports by an authorized administrator of 
DigitalCommons@USU. For more information, please 
contact digitalcommons@usu.edu. 
• 
FIN A L REP 0 R T 
WASATCH AIRBORNE SEEDING PROGRAM 
1 December 1969 - 31 March 1970 
SUDmitted to 
UTAH WATER RESEARCH LABORATORY 
UTAH STATE UNIVERSITY 
LOGAN, UTAH 
Report Prepared By 
Tbomas J. Henderson 
and 
Gary F. Darrigo, Ronald L. Frencn, Robert J. Fraser 
with 
An Evaluation by North American Weather Consultants 
Atmospherics Incorporated 
4981 East Dakota Ave. 
Fresno, California 93727 8 May 1970 

• 
ABSTRACT 
Utah State University has developed a telemetering network 
in the Wasatch Range of Utah for purposes of providing precipi-
tation data during a number of cloud seeding experiments. This 
activity is related to current activities supported by the Bureau 
of Reclamation as part of their Atmospheric Water Resources Pro-
gram. In 1969, Utah State University began the expansion of their 
total efforts to include an airborne seeding mission. Atmospherics 
Incorporated (AI) of Fresno, California, has provided personnel, 
equipment and supplies for this Wasatch Airborne Seeding Program 
(WASP). 
During the period 1 December 1969 through 15 April 1970, the 
airborne mission included 18 seeding flights in the area north of 
Ogden, Utah. The selection of 8-hour operational time blocks, 
within which seedable conditions would persist, was based on fore-
cast meteorological conditions. The choice of a 4-hour period for 
seeding was randomly selected within these 8-hour blocks. Included 
in the total mission were ground and airborne nuclei measurements, 
acquisition of snow samples for silver analysis, installation and 
operation of heated recording snow gauges and operational weather 
forecasts for both ground and airborne seeding. 
This report describes the AI activities under WASP and pro-
vides comments on seeding effects. While the number of test cases 
is small, there is strong indication that precipitation has been 
increased in a predictable target area as a result of the airborne 
seeding. 
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Turbocharged Piper Aztec "G" was used as the seeding and nuclei measurement aircraft during the operational 
period. This ship has an altitude capability of 30~OOO feet msl and is equipped with complete deicing units. 
Pyrotechnic seeding devices are mounted on the trailing edges of the wings and along the fuselage. 

WASATCH AIRBORNE SEEDING PROGRAM 
I INTRODUCTION 
During the past three years, the UWRL has been engaged in develop-
ing a telemetering network of precipitation stations in the mountainous 
area northeast of Salt Lake City, Utah. The initial development of this 
project, as funded by the Department of the Interior, Bureau of Reclama-
tion, was focused toward an area of approximately 8,000 sq. miles within 
and around the Wasatch Range. One of the primary objectives of this 
telemetry system is to provide basic data for defining possible differ-
ences between precipitation patterns from natural and seeded storm periods. 
Subsequent to the first stages of equipment installation, the net-
work has been used to sense possible changes in precipitation amounts 
resulting from ground-based seeding efforts along the western boundary 
of this telemetry system. In November, 1969, Utah State University cir-
culated solicitations for bid covering the design, operation and evalua-
tion of an airborne seeding program intended to be effective over a por-
tion of their telemetry network. Atmospherics Incorporated was the 
successful bidder for the project and immediately began movement of 
personnel, equipment and supplies to the project site. 
Program activities were initiated on 1 December 1969 and all field 
operations continued through 31 March 1970. During this operational 
period, the efforts of Atmospherics Incorporated were directed toward 
four principle areas of interest. In general, these priority functions 
were (1) the provision of operational weather forecasts to both ground 
and airborne seeding, (2) the aerial application of silver iodide to 
randomly chosen time-blocks within forecasted weather systems, (3) instal-
lation and operation of supplemental ground based data collection systems 
as backup for established telemetry, (4) the measurement of ice and con-
densation nuclei over the Salt Lake Valley area plus the subsequent 
examination of their possible influence on precipitation mechanisms, and 
(5) a program evaluation related to the feasibility and effectiveness 
of airborne seeding in the Wasatch Range of Utah. 
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This report summarizes the 1970 operations under the new Wasatch 
Airborne Seeding Program. A map of the operational area is shown in 
Figure 1. 
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II OBJECTIVES AND PROJECT DESIGN 
In the United States it is becoming increasingly important to pre-
dict and specifically delineate the areas of effect from weather modifi-
cation programs. As an input to this concept, the primary objective of 
WASP is to determine the feasibility and evaluate the effectiveness of 
an airborne seeding program. During the 1969-70 season, a number of 
secondary goals were established within the operational framework of 
the total Atmospheric Water Resources Program at Utah State University. 
The requirements may be summarized as follows: 
1. Conduct airborne seeding operations. 
2. Provide operational weather forecasts for both airborne 
and ground-based seeding. 
3. As a support to the telemetry system, install and operate 
two heated recording snow gauges at appropriate locations 
within the Wasatch Range. 
4. Collect synoptic, rawinsonde, radar and other standard 
weather charts and data for both the airborne and ground-
based seeding operations. 
5. Provide an objective order for specifically determining 
total seeding procedures. 
6. Collect snow samples subsequent to seeding operations and 
tabulate results from silver analyses of these samples. 
7. Conduct airborne nuclei measurements as appropriate to 
the activities under this total mission. 
8. Evaluate and report the results of all seeding operations 
and related activities. 
9. Provide Utah State University with copies of all data 
records accumulated during the operational period. 
The 8,000 sq. mile Total Area of Interest (TAl), which includes 
most of the UWRL telemetering stations, is too large for airborne seed-
ing of winter storms by a single aircraft. Within this TAl a Fixed 
Target Area (FTA) of 1,258 sq. miles was proposed. This allowed proper 
coordination between radar facilities, airborne operations, and ground 
personnel as well as tighten the liaison between WASP and the total 
UWRL program. The boundary of the FTA is described as follows: 
Beginning at a point of origin on Peak 8244 four miles west 
of Clarkston (410 55' - 1120 08~), move ENE approximately 
37 miles to the intersection of the Utah State Line and the 
west shoreline of Bear Lake (420 oot - 1110 25 1 ), thence in 
a SSE direction appsoximately 34 miles to a point NW of Evan-
ston (410 31 1 - 111 19 1 ), thence in a WSW direction approxi-
mately 37 miles to a point four miles SW of Brigham City 
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(410 271 - 1120 02 1), thence in a NNW direction approximately 
34 miles to the point of origin. 
Within this FTA are located the following 18 USU telemetering stations: 
006 Tony Grove Ranger Station 046 Tony Grove Lake 
008 Petersboro 066 Hardware Ranch 
012 Cinnamon Creek 068 Paradise Canyon 
015 Clarkston 070 Bug Lake 
017 Hell Canyon 071 Deer Springs 
020 Curtis Creek 113 So. Canyon Lower 
025 Herd Hollow 147 Klondike Narrows 
026 Providence Traps 152 Trigara Springs 
044 Hyrum Dam 164 Sinks 
This particular FTA provides the highest density telemetry net-
work of any equal size area within the TAl. In addition, the choice 
allows combinations of stations adjacent to, and well beyond, the FTA 
boundaries to be used for statistical comparisons which would supple-
ment the random seeding efforts proposed to be effective within the 
FTA itself. 
Once the FTA was geographically located, a number of specific 
meteorological conditions were established for a seedable case. These 
criteria are: 
1. The cloud cover shall be not less than 8/l0ths. 
2. Cloud bases shall be not less than 5500 ft. msl. 
3. Cloud depth shall be not less than 3500 ft. 
4. Ambient air temperature at the cloud base shall not be 
warmer than -5C. 
5. Ambient air temperature at the cloud top shall not be 
colder than -22C. 
6. Conditions 1-5 shall be forecast to persist for not less 
than 8 consecutive hours. 
In order to obtain as many seeded periods as possible within some 
random design, it was necessary to determine the minimum length of 
storm period which would provide measureable precipitation in both the 
seeded and non-seeded time blocks. Climatological records compiled 
by UWRL were examined for indications of optimum periods. It followed 
that an 8-hour storm period could be expected to contain precipitation 
rates suitable for detection by the telemetry system, as well as produce 
total amounts large enough so the proposed seeding techniques might pro-
duce apparent changes also detectable by the measuring network. 
An airfiorne seeding procedure was then established with the follow-
ing. specific ground rules: 
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First: Choose a storm period which is forecast to persist for a 
period of not less than 8 hours. 
then: From beginning of the storm period divide the total period 
into 8-hour blocks. 
then: Randomly select the 4-hour operational period within each 8-
hour storm perioq (first half or last half). 
then: Seed the fi rst 2-hour peri.od wi thi n these randomly chosen 4-
hour time-blocks and consider the remaining 2-hour period 
necessary for cleansing the area of residual seeding affect. 
thus: Seeding operations within the 24-hour storm period might turn 
out to appear as follows: 
POSSIBLE RANDOM SEEDING OPERATIONS DURING ANY 24-HOUR PERIOD 
Total 24-hour 
Storm Peri od 
• 
8-hour Time 
Blocks 
• • • • 'II Randomly Selected 
4-hour Operational 
Period 
'II .. 'II • ~ 
. .,. 
I I EtaZJ I ~
Seed Seed Seed 
a a a a a 1 1 1 1 1 2 
a 2 4 6 8 a 2 4 6 8 0 
a a a a a a a a a a a 
a a a a a a a a a a a 
Once a storm period begins, the randomly selected 4-hour operational 
periods within each 8-hour time-block are continued until less than 8 
hours of weather conditions remain which are forecast to meet the seeding 
criteria. The forecast is updated in the final two-ho~r period of each 
8~hour time block. 
Once the seeding period has been selected then it is necessary to 
select the seeding track for that particular storm period. The selection 
of this aircraft seeding track is based on combinations of wind speed and 
di recti on at the seedi ng 1 evel . Careful thought has been gi ven to safety 
considerations, FAA regulations, terrain features, commercial aircraft 
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I I 
2 2 
2 4 
a 0 
a a 
traffic t location of primary and alternate airfields, radar field head-
quarters t location of USU telemetry system stations within the FTA and 
TAI t storm types within the total operational area and credibility of 
the total program. 
The seeding track designations Al through CSt as appropriate to 
various wind speeds and directions t are shown in Table 1. If there 
are major changes in wind speed and direction during any two-hour seed-
ing period t these aircraft tracks may be altered to fit the changing 
weather conditions. Of primary importance is to maintain a seeding 
track which provides the maximum possibility of producing an effect 
somewhere within the fixed target area. 
Once the seeding track designation has been selected, then the air-
craft coordinates and headings may be obtained from Table 2. All loca-
tions are referenced from Ogden (OGO) VORTAC. Secondary references have 
been plotted from Salt Lake City (SLC) VORTAC but are not included in 
this document. These references were used for backup capability during 
dual omni operations. Malad City (MLO) VORTAC is also available for 
reference at the northern end of the seeding tracks. Seeding in a south-
bound direction is accomplished along the same paths with reciprocal 
heading. Seeding track charts with appropriate flight information can 
be found in Appendi x B. (Fi gures 12, 13, 14) 
At this point under the operations design, the only remaining consid-
eration is the determination of the seeding rate. For purposes of simp-
licity during this initial year of WASP, all silver iodide dispersal 
rates were based on total cloud depth. In those cases where multiple 
cloud layers were observed, the layer of greatest depth was used to com-
pute the seeding rate. All seeding was accomplished with pyrotechnic 
generated silver iodide. Output rates for various cloud depths are shown 
in Table 3. 
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TABLE 1. 
SEEDING TRACK DESIGNATIONS FOR VARIOUS 
COMBINATIONS OF WIND SPEED AND DIRECTION 
Wind Direction 
at 
Seed. Alt. (mag) 
1800 - 2200 (A) 
220° - 2600 (B) 
2600 - 3000 (C) 
WIND SPEED AT SEEDING ALTITUDE (knots) 
0-11 11-21 21-31 31-42 42-52 
A-I A-2 A-3 A-4 A-5 
B-1 B-2 B-3 B-4 B-5 
C-l C-2 C-3 C-4 C-5 
TABLE 2. 
COORDINATES, HEADINGS, DISTANCES AND MINIMUM 
FLIGHT ALTITUDES FOR ALL SEEDING TRACK DESIGNATIONS 
Seeding Start Seed Turn Around Length of Minimum 
Track From Point Seeding Run (NM} A lti tude 
A-I 0 0 27.5 12,000 354/13.0 34°0 /39.5 A-2 337/10.0 335/34.0 24.5 11 ,000 
A-3 3100/ 7.5 327/29.5 22.0 8,000 
A-4 27701 8.5 318/25.0 19.5 8,000 
A-5 255 /11.0 304 /22.0 17.0 9,000 
B-1 ° ° 27.5 12,000 348/14.0 338/41.5 
B-2 328/14.0 331/40.0 26.0 11 ,000 
B-3 3100 /16.0 3230/39.5 24.0 11 ,000 B-4 296/19.5 315 /39.5 22.0 10 ,000 
B-5 287 /23.0 308°/40.0 20.0 10,000 
C-1 ° 0 27.0 12,000 3470/16.0 339/43.0 C-2 334/20.0 333/45.0 25.0 11 ,000 
C-3 323/24.5 328/47.0 22.5 11 ,000 
C-4 3170/30.0 324i50.0 20.0 10 ,000 C-5 312 /35.5 320 /52.5 18.0 10,000 
Note: All tracks are on headings of 153°/333° magnetic. 
All positions are from OGDEN VORTAC. 
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TABLE 3. 
SILVER IODIDE SEEDING RATES 
AgI RATEI AIRCRAFT GROUND' 
CLOUD DEPTH (ft.) (gms. min- ) SPEED (NMPH) 
3,SOO - S,OOO 1.0 104 
S,OOO - 6,SOO 1.S 104 
6,SOO - 8,000 2.0 104 
8,000 - 9,SOO 3.0 104 
9 , SOD - 10,000 4.S 104 
10,000 - 12,500 6.5 104 
12,SOO - 14,000 9.0 104 
Whenever possible, seeding flight levels were chosen at altitudes 
near -SC. Terrain features and related flight regulations do not per-
mit complete adherence to this design feature but seeding was maintained 
as near as possible to this level. Discretion was in order during all 
periods of commercial airline traffic. Total flight operations were main-
tained through Salt Lake City and Hill Air Force Base Traffic Control Cen-
ters. 
To conclude this section on seeding design, we emphasize a few impor-
tant considerations. These are: 
1. The program must be operationally feasible. 
2. It must be designed in such a way so results are identifiable. 
3. Project results must lead to the design of future programs 
which are economically feasible. 
4. Programs should be operated by personnel with experience in, 
this particular field. 
5. It must be a safe operation. 
- 9 -
III EQUIPMENT 
This section provides a descriptive summary of equipment supplied 
and operated by Atmospherics Incorporated during the 1969-70 Wasatch Air-
borne Seeding Program. 
A. Aircraft 
The aircraft supplied to the project is the turbocharged Piper 
Aztec IIG" (N178A). The aircraft is fully licensed for IFR flights 
and additionally equipped with deicing systems on propellers, wings 
and tail surfaces. General instrumentation and miscellaneous equip-
ment includes: 
2 - Mark XII 360 channel nav com systems 
1 - Bendix ADF system 
2 - Omni systems 
1 - ATC L-band transponder 
1 - DME system (distance measuring equipment) 
1 - IVSI (instantaneous vertical speed indicator) 
1 - 3-light marker beacon system 
1 - Altimatic auto pilot 
1 - Oxygen system (6-place) 
1 - Dual strobe light system 
1 - Motorola transceiver (151.625 MHz) 
1 - Emergency radi~ signal unit 
In addition to the above systems, the aircraft is equipped with the 
foll owi ng: 
Gardner Condensation Nuclei Gounter 
Portable freezing nuclei detectors 
Rosemount Temperature Probe and digital readout 
Johnson-Williams LWC system 
Pyrotechnic dispensing racks 
Pyrotechnic ignition control system 
Concord voice actuated tape recorder 
Camera systems 
The aircraft was permanently stationed at the Ogden Municipal Airport 
during the four-month operational period. It was available for opera-
tions on a 24-hour basis. The choice of Ogden and its relation to the 
fixed target area was studied in some detail. The decision was based. in 
part, on considerations of air traffic control centers at Salt Lake City 
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Mr. Gary Darrigo, Project Supervisor (right) and Mr. Ronald French, Assistant Meteorologist, examine condensa-
tion and ice nuclei detectors prior to air sampling missions over the Salt Lake Valley. On the left, two pyro-
technic racks are loaded with seeding devices. 

• 
and Hill Air Force Base, flight safety requirements, aircraft service facili-
ties, position of VORTAC installations in relation to proposed seeding flight 
paths, relationship between the proposed radar facility location and air-
craft flight operations, and the climatology at airfields throughout the 
Salt Lake Valley. 
B. Radar 
The 3cm radar set utilized during this mission was the Atmos IV 
Weather Radar System operating on 9380 MHz. Physical characteristics 
of this system are shown in Appendix F. It is a self-contained system 
complete with all normal living facilities necessary for field operations 
in remote locations. The system requires only 115 VAC, 60 cycle, single 
phase power from either the normal commercial source or gasoline powered 
motor-generator. 
The Atmos IV system was installed atop Little Mountain approximately 
ei ght mi 1 e's NNW of the Ogden VOR. Consi derati on was gi ven to restri c-
tions on radar surveillance imposed by terrain features east of a line 
from Clarkston to Salt Lake City. A number of other sites were considered, 
but the urgency of installation precluded a definitive search for alter-
nate sites. The maximum radar range of 160 nautical miles was sufficient 
for surveillance of the total area of interest although the small sizes 
of hydrometeors experienced during the winter months in Utah does not per-
mit meaningful measurements beyond about 40 miles. 
The use of the radar system during this particular mission can be 
summarized as providing the following: 
1. On-site direction of airborne seeding operations. 
2. Velocity and direction of storm movement. 
3. Growth and intensity of precipitation areas. 
4. 16mm film documentation of storm characteristics. 
5. Safety features to aircraft flights du~ing all seeding operations • 
During the operational period the radar system logged approximately 
150 hours. As part of the normal data acquisition, approximately 800 ft. 
of 16mm cine footage were exposed. Radar, digital display and camera 
systems operated without difficulty and no serious maintenance problems 
occurred during this period. 
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C. Teletype Facilities 
Weather teletype and FAX facilities were established in the opera-
tional headquarters at the Ogden Municipal Airport. These included 
Service A. (A-1035), Service C. (C-450) and FAX (F-431). All equipment 
operated without maintenance difficulties during the total period from 
22 December 1969 through 15 April 1970. Facsimile and teletype charts 
appropriate to all operational periods have been collected, analyzed and 
reduced for submission to UWRL as part of the supplemental data. Brief 
meteorological summaries for each seeding period are found in Appendix 
C. 
D. Precipitation Recorders 
Two MRI precipitation recorder stations were provided to the pro-
ject as part of the responsibilities under equipment installation. 
These propane heated units were installed at Klondike Narrows and 
Sinks to serve as a backup to the telemetry system. The results of 
this data acquisition phase are discussed in Section IV (F). 
E~ Transportation 
Personnel transportation was accomplished with one 4-wheel drive 
half-ton pickup, one half-ton general utility pickup, and two double-
track Invader Skidoo oversnow vehicles. These units provided service 
between operational headquarters, radar site, aircraft facilities, 
general field observation pOints, precipitation gauge locations and 
snow sample points. 
F. Communications 
A communications network operating on 151.625 MHz was supplied to 
the project. Li censed to AI for operat·ton wi thin the conti nenta 1 1 imi ts 
of the United States (KF 9100 and KFC 922), these units linked all major 
field equipment and provided vital assistance to the total project opera-
tions. This seven-station system included the following units: 
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Ogden Airport (Base 1) 
Radar site (Base 2) 
Aircraft 178A (Mobile Unit 1) 
Service vehicle 1 (Mobile Unit 2) 
Service vehicle 2 (Mobile Unit 3) 
Oversnow vehicle 1 (Mobile Unit 4) 
Overs now vehicle 2 (Mobile Unit 5) 
Of particular importance is the link between aircraft and radar. 
Short notice changes in wind velocity and direction at the seeding 
level can be provided and seeding tracks can be altered without the 
aircraft returning to base. Addltionally~ the network provides a 
vital safety feature to oversnow travel when personnel are engaged 
in field work during storm periods. 
G. Photographic 
Four camera systems were provided as part of the operational equip-
ment. These included the Keystone 16mm radar scope camera, a Kodak 
K-I00 time-lapse system for cloud coverage and two Rolleiflex 2~x2~ 
cameras for general project photographs. 
H. Nuclei Detectors 
One Gardner small particle detector and two portable cold boxes 
were supplied to the project for purposes of detecting condensation 
and ice nuclei. This ground and airborne instrumentation was used 
during a major portion of the operational period and provided information 
on a total particulate concentration throughout the Salt Lake Valley. 
A discussion of nuclei measurements can be found in Section III (C) 
and all basic data have been submitted to UWRL as a supplement to this 
report. 
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IV OPERATIONS 
This section presents details on the operational phases of WASP as 
conducted by Atmospheri cs Incorporated. 
A. Aircraft Seeding 
As previously described, the aircraft provided to the Wasatch Air-
borne Seeding Program is the turbocharged Aztec "C". All navigational 
and communication systems provided idequate means for reasonably precise 
positioning along the various seeding tracks. 
In view of the high density aircraft traffic that exists in the area 
of the seeding tracks, it was necessary in the initial stages of project 
development to contact the Federal Aviation Agency in Salt Lake City and 
Hill Air Force Base near Ogden, in order to organize the flight activities 
in this area. It is always adviseable and often necessary to discuss pro-
gram design and operations with all agencies of interest. In order to 
maintain a smooth working relationship with Salt Lake Center and Hill 
RAPCON, a number of programmed flight plans and operational maps were 
presented to these control agencies. 
Inasmuch as the major portion of air space is under the jurisdiction 
of Approach and Departure Control at Hill Air Force Base, a letter of 
procedures was issued and these instructions became the actual working 
arrangement for all seeding flights. However, since the seeding tracks 
were in Federal Aviation Agency controlled air space, restrictions were 
placed on the minimum seeding altitudes under Instrument Flight Rules 
(IFR). However, during the 1969-70 season this did not create any opera-
tional problems with respect to t.he seeding criteria. 
Installed on the aircraft are mounting racks of special design for 
ho'lding a variety of pyrotechnic seeding devices. On this particular 
aircraft, two racks are mounted vertically on the side of a fuselage. 
These are used primarily for holding and burning pyrotechnics which do 
not produce large quantities of corrosive by-products believed to react 
with the aircraft skin. Two additional racks are installed in the air-
stream immediately aft of the flaps and outboard of the engine nacelles. 
These are used for higher output pyrotechnics which may produce corro-
- 14 -
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Silver iodide nuclei are generated from pyrotechnic units mounted on the trailing edges of aircraft wings. 
A wide range of nuclei output is available from these units. The devices are ignited electrically from in-
side the aircraft cabin and can be burned as single units or in any multiple. 

sive material or heat problems in the first few inches downwind from 
the end-burning units. Output concentrations of all chemical constitu-
ents are such that turbulent mixing a few feet behind the aircraft pro-
vides a dilution below any level which might affect materials or life 
forms. 
Aircraft and personnel began a series of 18 seeding flights on 12 
December 1969 and concluded airborne operations on 31 March 1970. Dur-
ing this period a total of 45.4 hours were logged for the seeding flights 
and related activities. There were an additional 52.6 hours logged dur-
ing 21 flights initiated for purposes of particulate measurements. A 
summary of seeding flights i5 shown in Table 4. Additional operational 
data obtained during these airborne seeding flights are presented in 
Table 5. Summary data covering all aircraft flights conducted during 
the 1969-70. mission are presented in Appendix A. 
TEST 
CASE DATE 
1 12/10-11 
2 12/19-20. 
3 12/20.-21 
4 12/21-22 
5 0.1/0.9-10. 
6 0.1/10 
7 0.1/14 
8 0.1/16 
9 0.1/21 
10. 0.1/21 
11 0.1/22 
12 0.1/27 
13 0.2/12-13 
14 0.2/14 
15 0.3/0.8 
16 0.3/14-15 
17 0.3/16-17 
18 0.3/28 
TABLE 4. 
AIRCRAFT SEEDING OPERATIONS 
8-HR. TIME 
BLDCK 
FROM TO 
-- --
2327 0.727 
2352 0.752 
2320. 0.720. 
2126 0.526 
170.0. 0.100. 
110.0. 190.0. 
160.0. 240.0. 
140.0. 220.0. 
1230. 20.30. 
20.30. 0.430. 
0.430. 1230. 
1030. 1830. 
230.0. 0.70.0. 
0.100. 0.90.0. 
1100. 190.0. 
20.0.0. 0.40.0. 
230.0. 0.70.0. 
100.0. 180.0. 
RANDDM 
CHDICE (seed} 
1 
1 
2 
1 
2 
1 
2 
2 
1 
1 
2 
1 
1 
1 
2 
1 
2 
1 
SEED TIME 
FROM ~ 
2327 0.0.12 
2352 0.152 
0.320. 0.50.3 
2126 2328 
2100. 230.0. 
110.0. 1248 
20.0.0. 220.0. 
180.0.. 20.0.0. 
1230. 1430. 
20.30. 2230. 
0.830. 10.36 
10.30. 1230. 
230.0. 0.100. 
0.100. 0.30.0. 
150.0. 170.0. 
20.0.0. 220.0. 
0.30.0. 0.50.0. 
lOaD 120.0. 
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NUMBER 
PYRD 
UNITS 
4 
20. 
14 
18 
20. 
18 
20. 
17 
20. 
20. 
20. 
23 
20. 
13 
20. 
20. 
9 
20. 
TDTAL 
AgI (gms) 
90. 
30.0. 
210. 
270. 
30.0. 
270. 
30.0. 
360. 
30.0. 
30.0. 
30.0 
345 
30.0. 
195 
30.0. 
30.0. 
110. 
30.0. 
SEEDING 
TRACK 
C-3 
B-3 
C-2 
B-5 
C-5 
C-4 
C-3 
B-3 
C-3 
C-4 
C-3 
B-3 
C-4 
C-1 
B-2 
C-3 
C-3 
C-2 
TABLE 5. 
AIRBORNE SEEDING OPERATIONAL DATA 
SEEDING TOTAL 
TEST TIME SEED ALTITUDE TaMP. Agi RATE 
CASE DATE FROM TO (Min.) TRACK (msl) ( C.) (gms) (gms.min-1) 
1 12/10-11 2327 0012 45 C-3 11,000 -11.9/-12.9 90 2.0 
2 12/19-20 2352 0152 120 B-3 12,000 -5.8/7.7 300 2.5 
3 12/21 0320 0503 103 C-2 12,000 -1.1/-2.3 210 2.0 
4 12/21 2126 2328 122 B-5 12,000 
-3.8/-8.0 270 2.2 
5 1/9 2100 2300 120 C-5 11,000 -4.2/-5.8 300 2.5 
6 1/10 1100 1248 108 C-4 11 ,000 -6.8/-8.4 270 2.5 
7 1/14 2060 22QO 120 C~3 11,000 -4.4/-5.3 300 2.5 
~ 1/15 Flights cancelled -- USU telemetry out 0"1 
8 1/16 1800 2000 120 B-3 12,000 -5.4/-7.6 360 3.0 
9 1/21 1230 1430 120 C-3 12,000 -2.7/-3.4 300 2.5 
10 1/21 2030 2230 120 C-4 12,000 -2.8/ -3.6 300 2.5 
11 1/22 0830 1036 126 C-3 13,000 -3.1/-5.8 300 2.4 
1/22 DME out -- ground seeding only 
1/23 DME out -- ground seeding only 
1/25 Forecast "go" -- fli.ght cancelled -- condi tions below cri teri a 
12 1/27 1030 1230 120 B-3 11,000 
-5.4/-8.6 345 2.9 
13 2/12 ... 13 2300 0100 120 C-4 11,000 
-4.8/-6.3 300 2.5 
14 2/14 0100 0300 120 C-l 12,000 -12.9/-14.0 195 1.5 
15 3/8 1500 1700 120 8-2 11,000 
-5.6/-7.4 300 2.5 
16 3/14-15 2000 2200 120 C-3 12,000 -5.3/-7.4 300 2.5 
17 3/16-17 0300 0500 120 C-3 11 ,000 -10.9/-15.2 110 0.9 
18 3/28 1000 1200 120 C-2 11,000 -8.0/-10.5 300 2.5 
B. Weatner Forecasts 
Operational weatner forecasts were provided for both ground based 
and airborne seeding missions conducted tnroughout the period 1 December 
1969 through 15 April 1970. Service A and Service C teletypes, as well 
as facsimile equipment, were installed in tne field operational head-
quarters at the Ogden Municipal Airport. As a supplement to these facili-
ties, Hill Air Force Base provided important and extremely useful weather 
information during tEte total period. 
In general, the weather forecasts were prepared each morning prior 
to 1100 MST. If weather conditions were forecast to produce suitable 
criteria for seeding sometime during the subsequent 12-hour period, 
the "weather watch ll continued to update the forecast each,4-hour period. 
The approach of suitable seeding conditions also triggered a continuing 
stand-by alert for aircraft and ground crews. Personnel remained in 
this stand-by alert or operating status as long as the forecaster indi-
cated the possibility of suitable weather developments during the 
following 4-hour period. If the weather forecast indicated no condi-
tions suitable for aircraft or ground seeding during the following 
12-hour period, all crews were placed in a non-operating status and 
personnel moved to a IIstand-down ll condition until a further weather 
alert was initiated. 
The background of local meteorological experience at Hill Air Force 
Base provided our personnel with an important assist in developing a 
reasonable forecasting ability in a snort period of time. As usual, 
this ability comes with. experience in a specific area. Models of 
weather types, computer techniques and machine programming assist in 
providing better forecasts but, as yet, they cannot totally replace 
personnel with a background of experience in one particular location. 
This is particularly true of cloud seeding operational forecast respon-
s.ibilities which are quite different from the general weather forecast 
requirements. 
Reduced meteorological summaries covering the period of operation 
during seeding Test Cases 1-18 are given in Appendix C. Selected FAX 
charts, Service A and C material, and upper air data are provided to 
UWRL as a supplement to this report. 
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C. Nuclei Measurements 
As the winter season moved through the first several weeks, it 
became increasingly apparent that the numbers of storm situations with-
in established criteria would be limited. Dr. George W. Reynolds, met-
eorologist at the UWRL, proposed a series of nuclei measurement flights 
for purposes of defining the gross concentrations over the Salt Lake 
Valley. In order to characterize the possible effects of particulates 
on precipitation mechanisms, emphasis was placed on measurements of 
Aitken nuclei, cloud condensation nuclei and ice nuclei. 
Toward this end, the turbocharged Aztec "C" continued to provide 
the platform for this additional mission. Navigational and communica-
tions equipment aboard the aircraft allowed reasonably precise position-
ing over most of the total area of interest. Nuclei measuring equipment 
included the Gardner Small Particle Detector and the modified Portable 
Cold Box. 
Airflow to the instrumentation is provided by six inlet tubes. 
Four of these are mounted on the nose of the aircraft and two are 
installed over the cabin. Three exhaust tubes provide a flushing cap~ 
ability for all nuclei counters and general cabin contamination. Tygon 
tubing connects the air inlet probes to the various instruments. At 
a normal cruise speed of approximately 120 miles .per hour, the air in-
take probes and connecting tubing allow a flow from 0 to 10 liters per 
minute. Volume flow rates to 50 liters per minute can be provided 
through the two larger diameter probes atop the cabin. 
The Small Particle Detector was operated throughout a range of vacuum 
settings between two inches of mercury to a maximum vacuum obtainable at 
the particular flight level. A relative measure of cloud condensation 
nuclei (CCN) is possible at the minimum vacuum setting and total Aitken 
nuclei are measured at the higher vacuum levels. It should be noted 
that total Aitken concentration at any given sample point is a reasonably 
good index of air pollution. 
The modified portable cold box was used for measurement of ice nuc-
lei. This instrument contains an illuminated cold chamber within which 
the air temperature may be adjusted and maintained through an extens.ive 
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range down to about -42C. A collimated light source illuminates a por-
tion of the cold chamber and ice crystal concentrations are determined 
by visual count through optics and calibrated grid systems. The range 
of sensitivity is between 1 per liter and approximately 105 per liter. 
During the Wasatch Airborne Seeding Program, all ice nuclei measurements 
were made with the portable cold box temperatures set a -20C. 
(1) CONDENSATION NUCLEI MEASUREMENTS AT GROUND LEVEL. 
During the period January 15th through March 31st, condensation 
nuclei measurements were made at ground level three or four times daily. 
These times were set for 0900, 1400, 1900, and 2300 MST. Measurement 
points were confined to either the Ogden Municipal Airport or location 
in South Ogden separated by about three miles. This study comprised 
239 measurements during the indicated operational period with eight 
days of "down time" logged because of sickness, seeding flights or opera-
tional trips away from the area. 
It would be difficult to propose definitive conclusions based on 
these data but certain reoccurring patterns have been noted and are 
offered for consideration. Disregarding the effects from transient 
weather systems, the hourly variations in concentrations display a pat-
tern characteristic of daily human activity. In the case of cloud con-
densation nuclei (CCN), these hourly averages were: 
TIME 
0900 MST 
1400 MST 
1900 MST 
2300 MST 
Overall 
CCN CONCENTRATION 
1754 CCN cc- l 
1350 CCN cc- l 
2512 CCN cc- l 
2147 CCN cc-1 
1958 CCN cc-1 
Generally, in the morning the concentrations were less than the daily 
average but greater than the average at 1400. This coincides with the 
morning "rush" hour when traffic and daily human activity is beginning. 
The concentrations continue to decrease and by late afternoon begin their 
gradual rise to a maximum at about 1900, again coinciding with a peak acti-
vity period. Thus, it would appear that the concentrations of CCN in this 
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particular area are specifically related to Ogden's hourly human activity 
levels. 
Considering daily variations, a similar but less obvious pattern coin-
cides with Ogden's daily activity level. The daily averages are as follows: 
DAY CCN CONCENTRATION 
Monday 1521 CCN cc- 1 
Tuesday 2124 CCN cc- 1 
Wednesday 2139 CCN cc-1 
Thursday 2202 CCN cc- 1 
Friday 1935 CCN cc-1 
Saturday 1833 CCN cc- 1 
Sunday 1961 CCN cc- 1 
As these data illustrate, the concentrations of CCN increase from 
Monday through Thursday where they reach a peak, then decrease somewhat 
on Friday and Saturday only to rise again on Sunday and revert to the 
downward trend on Monday. This suggests that the CCN concentrations tend 
to increase or accumulate during the calendar work week up to Thursday, 
and similarly on the busy Sunday weekend. Friday is left to speculation, 
but one might argue the possibility of a slow down in human activity in 
anticipation of the weekend. 
Monthly variations do not seem to follow any obvious pattern but 
total data are insufficient for meaningful comments. The monthly averages 
are: 
MONTH 
January 
February 
March 
CCN CONCENTRATION 
2624 CCN cc- i 
2626 CCN cc-1 
740 CCN cc-1 
It is interesting that January and February are so closely related, 
yet there appears the drastic variation in March. In 1970, March was a 
rather mild month with only four major storm fronts moving through the 
area. Exactly what caused this apparent contrast is subject for further 
research. 
- 20 -
As previously suggested, transient weather systems play an important 
roll in the rise and fall of nuclei concentrations. As storm systems 
approach and pass over the area, concentrations decrease. Conversely, 
as the parameters associated with good to mild weather previil, the con-
centrations increase. This can be adequately documented by comparing 
the days of operational seeding cases with the daily variations in CCN 
concentrations. 
In any event, it is important to emphasize that such extreme varia-
tions in CCN concentrations could have a major and significant effect on 
cloud developments, subsequent precipitation mechanisms and, more impor-
tantly, the effects on planned cloud seeding efforts. 
(2) CONDENSATION NUCLEI MEASUREMENTS FROM AIRCRAFT 
Analyses of the condensation nuclei measurements taken during air-
borne seeding operations suggests a general pattern related to various 
weather conditions. As in the case of ground measurements, the concentra-
tions were highest during periods of minimum precipitation. Supporting 
this conclusion are data taken during Test Cases #5 and #8. During these 
operations, clouds were widely scattered with little or no precipitation. 
Icing was very light and outside air temperatures at flight level ranged 
from -5.5C to -7.1C. 
Further supporting the ground level data, measurements made from 
the aircraft during heavy storm periods indicate a decrease in CCN concen-
trations. Test Case #10 furnishes strong support. This total flight was 
conducted under IFR conditions and continuous snow particles coupled with 
rime icing were noted throughout the seeding period. Ambient air tempera-
ture at flight level averaged -3.1C. The CCN concentrations noted during 
Airborne Seeding Test Cases #5 through #18 are shown in Table 6. 
In general, nuclei concentrations decrease with increases in alti-
tude. However, in level flight through an unchanging or similar weather 
situation, the concentrations remain somewhat similar. This suggests 
homogeneous dispersion of CCN throughout the cloud cover during those 
periods of highest precipitation intensity. Here again, the information 
is useful from the view of cloud seeding operations and evaluations. 
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TABLE 6. 
AVERAGE CCN CONCENTRATIONS DURING SEEDING FLIGHTS (CCN cc- 1) 
VACUUM S ETTI NGS (inches H~) 
2 5 10 15 MAX 
OPERATIONAL CASE #5 720 920 1,150 1,475 1,320 
OPERATIONAL CASE #6 125 350 325 325 337 
OPERATIONAL CASE #7 440 603 806 993 1,037 
OPERATIONAL CASE #8 750 975 1,150 1,300 1,350 
OPERATIONAL CASE #9 111 244 539 1,347 2,703 
OPERATIONAL CASE #10 19 36 67 83 108 
OPERATIONAL CASE #11 94 131 206 281 206 
OPERATIONAL CASE #12 58 100 179 279 337 
OPERATIONAL CASE #13 
OPERATIONAL CASE #14 156 334 388 518 587 
OPERATIONAL CASE #15 130 356 722 1,039 1,339 
OPERATIONAL CASE #16 113 229 475 667 1,113 
OPERATIONAL CASE #17 69 144 228 380 455 
OPERATIONAL CASE #18 115 226 388 556 650 
VACUUM SETTING AVERAGE 223 358 509 711 888 
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Portable Cold Boxes on the left are useg for detection of ice nuclei while in flight. The range of these 
units is about one per liter through 10 per liter. On the right is the Gardner Condensation Nuclei Detector 
for measuring gross Aitken nuclei concentrations. 

(3) GENERAL AIR SAMPLE FLIGHTS 
During the period February 4th through March 31st, a total of 21 
airborne measurement flights were undertaken to assess the general dis-
tribution of particulate matter in the Salt Lake Valley area. Nine of 
these flights were conducted in the morning. Twelve were conducted in 
the afternoon. Both condensation and ice nuclei were measured during 
all flights. 
The primary source of contaminants appears to be the refining and 
smelting complex at Garfield, Utah, which produced 81% of the highest 
ice nuclei concentration and 56% of the highest CCN concentrations. The 
second most prolific producer of particles is the series of oil refiner-
ies near Bountiful, Utah. These contributed 10% of the highest ice 
nuclei concentrations and 28% of the highest CCN concentrations. Another 
source of interest is Anaconda Corporationts Tooele International Smelt-
ing and Refining Plant. 
In analyzing these data it is particularly interesting to note the 
differences between morning and afternoon conditions. Averages of all 
morning ice nuclei concentrations obtained from these air sample missions 
was 394 1-1 compared with an average of 260 1-1 in the afternoon. Cloud 
condensati6n'nuclei concentrations were highest in the afternoon with an 
average of 396 cc-1 compared with 264 cc- 1 in the morning. 
Coupled with this inverse relationship between ice and condensation 
nuclei, is an additional inverse relationship concerned with flight levels. 
The morning flights revealed the highest concentration of ice nuclei at 
6556 ft. msl while highest concentrations of CCN were found at an aver-
age altitude of 6786 ft. msl -- about 230 ft. above the high density ice 
nuclei layer. However, the afternoon flights indicated the high concen-
tration of ice nuclei level at 6542 ft. msl and the high concentration 
condensation nuclei at 6288 ft. msl -- 254 ft. below the high density ice 
nuclei layer. It is of additional interest that the layer of high con-
centration ice nuclei was found at 7000 ft. msl 33% of the time and the 
high concentration CCN layer was found at 5000 ft. msl 35% of the time. 
A comparison between days of the week WDuld not be ~ignificant since 
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nine flights, were flown on Tuesdays, and no flights were flown on Satur-
days. However, it was obs:erved that Jioth lce and condens.ation nuclei 
concentrations were much fielow. tnefr respective averages on Sunday morn-
ing while Wednesday, which represented five flights, was found to be 
near or below average both in tf:te morning and in the afternoon. Only 
Tuesday was persistently afiove the average for ice and condensation 
nuclei both in the morning and the afternoon. Implications from these 
particular data require a cautionary note since there are differences 
in the total number of flights made on any given day of the week. 
Two flights are of special interest since they were both flown in 
bad weather. Air Sample Flight #10 was associated with low clouds and 
intermittent rain and snow showers accompanied by gusty surface winds 
and falling pressure. The results indicated ice nuclei averaged 412 
per liter or slightly above average. Cloud condensation nuclei were 
also above average at 384 cc- 1. The wind, gusting to 30 knots, did 
appear to cause dispersion since the high concentration layer of freez-
ing nuclei was found at 9,000 ft. msl while the high concentration layer 
of CCN was found at 6,000 ft. msl, both at the Garfield Smelter. 
Air Sample Flight #13 was associated with a frontal system which 
enabled measurements to be taken behind the major activity. The ceiling 
varied between 500 and 1,000 ft. overcast with lower stratus reaching 
the ground. Intermittent rain and snow showers accompanied by 10 knot 
winds produced some difficulty with measurements and flight paths. 
Measurements taken behind the system revealed ice nuclei concentra-
tions to average 3 1-1, with the highest ice nuclei concentration only 
reaching 12 1-1• Concentrations of CCN produced an average of only 72 
cc-1, the lowest average obtained during any flight. The elevation of 
high concentration layers was also below average. The layer of highest 
ice nuclei concentration was found at 6,000 ft. msl, about 548 ft. below 
average. High concentration CCN was found at 5,000 ft. msl, about 1222 
ft. below average. 
Conclusive comments and suggestions cannot be made until further 
studies are developed for comparison and confirmation. However, it is 
enough to recognize that particulates in high concentrations do exist 
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in the Salt Lake Valley. This is deserving of intensive research to 
better understand the nature of these particulates and the role they 
might play in inadvertently modifying weather over the test area of 
the Wasatch Airborne Seeding Program. 
An Air Sample Flight Summary is shown in Table 7. A data tabula-
tion of ice nuclei and CCN concentrations is presented in Table 8. The 
locations and altitudes of highest ice and CCN concentrations are shown 
in Table 9. 
D. SNOW SAMPLES AND SILVER ANALYSES 
As part of the obligations under the Wasatch Airborne Seeding Pro-
gram, a total of 25 snow sample points were e.stablished in and adjacent 
to the Fixed Target Area. The locations of these sample points are shown 
in Table 10. The object of this exercise was to collect snow samples 
following a number of storm periods and anlyze these for silver content. 
Samples were collected on 33 different days during the January-March 
period. 
The extreme care required by field crews during sample collection 
cannot be over emphasized. Two persons were used for the collection 
sequence. The following procedures were observed during the actual col-
lection of each sample. 
1. Approach the sample point with great care -- preferably 
from the downwind direction. 
2. Turn fresh, new polyethylene bags inside-out and over 
the hands of the collector. 
3. Turn fresh, new polyethylene bags inside-out over the 
snow collecting tool. 
4. The collector now carefully scoops snow into a clean 
.(with respect to silver) polypropylene bottle making 
sure the melt water will equal at least 500 ml. 
5. Collector replaces cap on polypropylene bottle. 
6. Discard polyethylene bag. 
7. MAKE SURE THE HANDS, CLOTHING, EQUIPMENT OR OTHER ARTI-
CLES NEVER TOUCH ANY SURFACE WHICH MAY COME IN CONTACT 
WITH THE SNOW SAMPLE OR THE INSIDE OF ITS CONTAINER! 
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FLIGHT 
NUMBER DATE 
1 2/09/70 
2 2/10/70 
3 2/10/70 
4 2/11/70 
5 2/11/70 
6 2/11/70 
7 2/24/70 
8 2/24/70 
9 3/01/70 
10 3/01/70 
11 3/03/70 
12 3/03/70 
13 3/05/70 
14 3/05/70 
15 3/10/70 
16 3/10/70 
17 3/19/70 
18 3/19/70 
19 3/20/70 
20 3/20/70 
21 3/31/70 
TABLE 1. 
AIR SAMPLE FLIGHTS 
OPERATIONAL SUMMARY 
TAKE OFF LANDING 
DAY OF TIME TIME 
THE WEEK M.S.T. M.S.T. 
Monday 1449 1814 
Tuesday 0704 1029 
Tuesday 1351 1703 
Wednesday 0653 1007 
Wednesday 1305 1519 
Wednesday 1627 1657 
Tuesday 1006 1224 
Tuesday 1432 1644 
Sund.ay 0946 1053 
Sunday 1423 1707 
Tuesday 0942 1239 
Tuesday 1434 1717 
Wednesday 0806 0945 
Wednesday 1328 1528 
Tuesday 0728 1022 
Tuesday 1327 1603 
Thursday 0754 1039 
Thursday 1300 1554 
Friday 0725 1011 
Friday 1337 1613 
Tuesday 1344 1617 
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FLIGHT CUMULATIVE 
TIME FLIGHT TIME 
(1/10 HOUR) (lLlO HOUR} 
3.4 3.4 
3.4 6.8 
3.2 10.0 
3.2 13.2 
2.2 15.4 
0.5 15.9 
2.3 18.2 
2.2 20.4 
1.1 21.5 
2.7 24.2 
3.0 27.2 
2.7 29.9 
1.6 31.5 
2.0 33.5 
2.9 36.4 
2.6 39.0 
2.8 41.8 
2.9 44.7 
2.8 47.5 
2.6 50.1 
2.5 52.6 
TABLE 8. 
AVERAGE ICE NUCLEI (-20C.) and CCN CONCENTRATIONS 
GEN. 
FLIGHT IN/ee IN/ec IN/ee CCN/ee CCN/ee CCN/ee IN FLIGHT 
NUMBER HIGH LOW MEAN HIGH LOW MEAN WEATHER 
1 4.000 0 0.234 3,000 600 14:90.0 Clear HK 30.26 
2 3~500 0 0.351 2,000 250 554.1 Clear H- 30.21 
3 2.000 0 0.139 4,100 350 1306.8 Cl ear H- 30.19 
4 3.000 0 0.174 1,200 200 518.7 Clear HK 30.17 
5 4.500 0 0.431 1,500 750 770.6 Cl ear KH 30.19 
6 0.003 0 0.001 1,100 Clear HK 30.18 
7 4.500 0 0.100 Clear HK 30.24 
8 3.000 0 0.268 1,800 50 436.4 450/0 H- 30.21 
9 0.003 0 0.001 450 25 100.0 400RW -- 29.64 
180/18G26 
10 4.000 0 0.412 800 50 384.3 4501800RW-/SW-
PRESFR 29.61 
11 5.000 0 0.464 1,500 0 330.8 800140010 29. 97 
12 2.000 0.001 0.223 750 0 203.0 700140QlO 29.95 
~ 
13 0.012 0 0.003 250 0 71.7 80R-/SW- 29.89 
14 3.000 0.001 0.490 300 0 148.9 500/0RW- 29.95 
15 3.000 0 0.174 1,800 0 150.0 5001100 29.62 
16 0.250 0 0.028 700 0 231.3 1100/-0 29.60 
17 2.000 0 0.127 4001100/ -0 
18 2.000 0.001 0.304 5001000/0 
19 8.000 0.002 2.154 350 0 125.8 1000 30.22 
2.0 2.000 0 0.548 500 0 181.7 500900/0 30.16 
21 1.000 0 0.036 4,000 100 926.7 10 29.90 
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TABLE 9. 
LOCATIONS AND ALTITUDES OF MAXIMUM ICE NUCLEI AND CCN CONCENTRATIONS 
LOCATION AND ALTet~~E OF LOCATION AND ALTbt~~E OF REMARKS 
FLT. HIGHEST IN HIGHEST CCN PERTINENT 
NO. LOCATION ALTITUDE LOCATION ALTITUDE TO FLIGHT 
1 Garfield 5,000 msl Bounti ful 5,000 msl Area orientation 
Smelter fl i ght 
2 Garfield 5,500 msl Wi 11 ard 6,500 msl Emphasis on Den-
Smelter Bay sest FN areas 
3 Garfield 5,000 msl Bountiful 5,000 msl Purposely seek-
Smelter ing densest areas 
4 Garfield 5,000 msl Garfield 6,500 msl Purposely seek-
Smelter Smelter tng densest areas 
5 Garfield 5,000 msl Utah Lake & 7,500 msl Dir. flight back 
Smelter Bird Refuge to Ogden 
6 Point of 7,500 msl Bounti ful 7,500 msl Direct flight back 
the Mtn. to Ogden 
7 Garfield 6,000 msl No CCN counts due 
Smelter to equip. problems 
8 Tooele 5,000 msl Tooele 5,000 msl CCN counts taken 
by USU student 
9 S.L.C. 9,500 msl Bounti ful 10,000 msl Flt. cut short due 
Airport to low FN & CCN cts. 
10 Garfield 9,000 msl Garfield 6,000 msl Investigated 
Smelter Smelter Cache Vall ey 
11 Garfield 7,000 msl Garfield 7,000 msl Began plume 
Smelter Smelter tracking studies 
12 Garfield 7,000 msl Garfield 5,000 msl 
Smelter Smelter 
13 Ogden 6,000 msl Bountiful 5,000 msl Bad weather made 
plume tracing imp. 
14 Garfield 7,000 msl Garfield 6,000 msl 
Smelter Smelter 
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TABLE 9. (Cont'd.) 
LOCATION AND ALt!!~DE OF LOCATION AND ALT!tU~E OF REMARKS 
FLT. HIGHEST IN HIGHEST CCN - PERTINENT 
NO. LOCATION ALTITUDE LOCATION ALTITUDE TO FLIGHT 
15 Garfield 7,000 msl Garfield 7,000 msl 
Smelter Smelter 
16 Garfield 7,000 msl Garfield 6,000 msl 
Smelter Smelter 
17 Garfield 7,000 msl No CCN counts due 
Smelter to equipment 
problems 
18 Garfield 6,500 No CCN counts due 
Smelter to equipment 
problems 
19 Garfield 6,000 msl Garfield 5,500 msl 
Smelter Smelter 
I -
I 20 Garfield 7,000 msl Garfield 7,000 msl 
Smelter Smelter 
21 Garfield 7,500 msl Garfield 7,000 msl 
Smel ter Smelter 
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TABLE 10. 
SNOW SAMPLE LOCATIONS 
Miles from Miles from 
Sample Previous Pineview 
Point Location Location Dam 
1 Pi nevi ew Dam (E. Ogden) 0.0 0.0 
2 Huntsville (Woodruff turnoff) 5.7 5.7 
3 Shorty's Place (junction) 8.7 14.4 
4 Bighorn Cafe 8.7 23.1 
5 Monte Cristo Summit area 9.0 32.1 
6 Overlook turnout 4.7 36.8 
7 Along road (no turnout) 8.6 45.4 
8 Woodruff precip gauge 9.5 54.9 
9 Canal crossing and farmhouse (N.Woodruff) 7.8 62.7 
10 Large ranch along Highway 16 8.9 71.7 
11 Summit on Highway 30 11.2 82.9 
12 Bear Lake Marina 10.5 93.4 
13 Bear Lake Summit (7805) 11.4 104.8 
13A Sinks Precip Station 
14 Beaver Mt. turnoff 5.2 110.0 
14A Klondike Narrows Precip Station 
15 Tony Grove Canyon turnoff 6.2 116.2 
16 Wood Camp Campground 9.4 125.6 
17 USU Water Lab turnoff 10.2 135.8 
18 89/91/101 Junction (SW Logan) 10.8 146.6 
19 Summit (5894) 9.4 156.0 
20 Turnout (National Forest Boundary) 5.4 161.4 
21 Dam (on 242 E. of Hyrum) 0.0 
22 Meadow area along 242 5.4 
23 Hardware Game Management Unit 6.0 
24 Paradise Sign (on 162 S. Paradise) 
25 Turnoff to Porcupine Dam (S. Avon) 2.9 
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During the 1970 season~ a total -of 169 snow samples were obtained 
from the field sites and suosequently analyzed at the UWRL under the 
direction of Professor Joel FletcEier. These. ana·lyses were accomplished 
with the Perkin-Elmer Atomic Absorption Spectrophotometer. Resul ts of 
this silver analysis program are snown in Appendix D. 
E. Supplemental Precipitation Measurements 
As part of the ooligations under the Wasatch Airborne Seeding Pro-
gram, two propane heated recording snow gauges were installed inside 
the Fixed Target Area. These were located at Klondike Narrows and 
Logan SinRs. This served as a oackup system for two of the telemeter-
ing stations as well as provided comparisons between various precipita-
tion instrumentation at the same locatfon. 
Each of these tipping bucket gauges includes a battery powered 
clock drive mechanism and miniature propane heating element. Designed 
for remote operation, the neater can be operated on five gallons of 
fuel for 25-30 days while providing about 500 BTU per hour. No "flame 
out II problems were experienced. The tipping bucket mechanism is 
sensitive to 0.01 inches of precipitation and both gauges were installed 
with the tops of the windshields placed aoout 4 inches above the tops 
of the gauges. 
Weekly visitations were made to each of these instrument sites and 
the charts removed for analysis. The gauges operated very well during 
the entire winter season and, with the-exception of a few short duration 
interuptions, they provided an unbroken record of precipitation. 
Precipitation totals and hourly rates for the seeded and non-seeded 
4-hour time blocks during all Test Cases are shown in Table 11. Each 
hourly precipitation total, from which the above data were reduced, 
is given in Appendix E. It should be noted that the tabulation of pre-
cipitation amounts began at the time seeding was initiated and makes 
no allowance for the transport time between seeding point and measure-
ment site. Thus, the times for all of the stations are the same with-
out regard for their respective distances from the seeding flight path. 
This "targeting" aspect is given detailed consideration in SECTION V: 
EVALUATION. 
- 31 -
It is interesting to note t however t that the data from the heated 
snow gauges indicate the total precipitation recorded during the 18 
seeded time blocks was approximately 144% of the total amount recorded 
during the non-seeded periods. 
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T.C. 
No. 
1 
2 
3 
4 
5 
6 
7 
B 
9 
10 
11 
12 
13 
14 
15 
16 
17 
1B 
TOTALS 
TABLE'll. 
PRECIPITATION DATA (inches) 
(heated recording gauges) 
TOTAL PRECIPITATION PRECIPITATION RATES 
(4-hour time blocks) (average hourly) 
Klondike Narrows Logan Sinks Klondike Narrows Logan Sinks 
Seed non-seed Seed non-seed Seed non-seed Seed Non-seed 
.OB .00 .020 .00 
.00 .05 .000 .012 
.50 .09 .125 .022 
.02 .00 .05 .00 .005 .000 .012 .000 
.01 .02 .10 .15 .002 .005 .025 .037 
.13 .01 .25 .02 .032 .002 .062 .005 
.19 .20 .2B .31 .047 .050 .070 .077 
.15 .14 .17 .12 .037 .035 .042 .030 
.27 .30 .31 .32 .067 .075 .077 .OBO 
.24 .31 .14 .41 .060 .077 .035 .125 
~46 ~22 ~36 .25 .115 .055 .090 .062 
.42 .06 .14 .01 .130 .015 .035 .002 
.00 .00 .00 .00 .000 .000 .000 .000 
.14 .05 .035 .012 
.37 .00 .092 .000 
.12 .22 .13 .13 .030 .055 .032 .032 
.. 01 .00 .,04 .00 .,002 .000 .010 .000 
..,.....,...... 
3.11 1.67 1.97 1.72 .799 .415 .4BO .450 
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V EVALUATION 
A. SUMMARY 
In the Wasatch airborne seeding program, test cases consisted of 
8-hour periods within which it was predicted that conditions suitable 
for the aerial seeding mode employed would occur. The prediction was 
made just prior to the commencement of the period. Periods were 
required to start on the hour or the half hour. The 8-hour period was 
divided into two 4-hour sub-periods or blocks. A random selection was 
made just after submission of ' the prediction as to which 4-hour block 
was to be seeded. Only the first 2 hours of the chosen 4-hour block 
was actually seeded, the last 2 hours serving as a buffer zone to mini-
mize carry-over effects. The mode of treatment was designed to increase 
precipitation in a fixed target area within the USU raingauge network, 
and the evaluation was performed to test the degree of effectiveness in 
achieving this goal. 
The approach to this evaluation had three aspects: 
1. A computerized area of effect orographic seeding model would be 
used to predict the expected area of effect for each seeded 
case. The use of this model would provide an a priori estimate 
of the expected a,rea of effect whi ch coul d then be compared to 
the observed areas of effect. 
2. A statistical comparison of precipitation totals during the 
seeded and non-seeded 4-hour blocks was to be made over the 
entire network. To provide further insight into the effects of 
the seeding, the data would be stratified by meteorological 
parameters to the extent possible considering the amount and 
character of the data collected. 
3. A study was to be made of the continuity and progress of precipi-
tation bursts or bands moving through the network. The existence 
of such bands might provide a basis for special data stratifica-
tions, and would serve as a test of the validity of the 2-hour 
nuclei clearing period. 
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Under Item 1, area of effect predictions were made for both orographic 
stratiform seeding and for convective seeding using USU-supplied rawinsonde 
data as inputs. 
Item 2 was accomplished by producing maps of seed/no seed 4-hour block 
precipitation ratios at individual stations. The only stratification jus-
tified by the limited sample size was a stratification based upon 500 mb 
temperature. It turned out that all cases in the warm category were 
essentially stable having only shallow layers of instability, if any, 
whereas all cases in the cold category possessed deep instability. There-
fore, the stratification serves in two ways: categorization by tempera-
ture and by stability. This relationship mayor may not recur in the 
future. 
In conducting the evaluation, Item 3 above was carried out through 
an extensive examination of half hourly interpolated precipitation maps, 
and time graphs of precipitation at single stations. Use was also made 
of the area of effect model (item 1) in arriving at conclusions about 
nuclei cEaring times. 
The results of the evaluation were: 
1. Seed/no seed ratios of 2.0 or more (apparent doubling of precipi-
tation through seeding) appeared within the general target area 
in both cold (unstable) and warm (stable) categories. 
2. The matched-pairs signed rank test was applied to target area 
and nearby stations and did not show statistical significance at 
the 5% level. The number of test cases was limited. For seve-
ral stations, due to missing data, the rank test could not be 
applied because of the insufficient sample size. 
3. In the warm (stable) category, the area of effect predicted by 
the model fits quite well the observed area of increased precipi-
tation. 
4. In the cold (unstable) category, there were two centers of high 
ratio. One high center was located in the southeast portion of 
the target area and another was indicated by a single high ratio 
s tati on on the extreme western border of the network. The pattern 
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suggested that the center of this second high ratio area is 
upwind of the network boundary. 
Model predictions were made for both convection (assuming 
that at least some of the nucleant along the seeding path was 
entrained into convection) and stratiform seeding (assuming 
that at least some of the nucleant seeded stratiform orographic 
clouds between convection cells) for storms in the unstable 
category. The area of effect predicted by the model for strati-
form seeding was centered about 30 km northwest of the central 
high area, while that predicted for convective seeding was 
centered just upwind of the western boundary and near to the 
high ratio station on the western edge of the network. 
5. It was found that the passage of precipitation bursts, bands, or 
fronts through the area was inadequately delineated in the pre-
cipitation network in most cases. The relatively low intensity 
of precipitation in the Wa.satch Range is partially responsible 
for this fact. The time resolution of the precipitation observ-
ing system also plays a role, as do terrain complexities. 
The question of the adequacy of the 2 hour nuclei' purge time 
was studied through the use of the model predictions. On the 
assumption that all artificial nuclei did serve as nuclei upwind 
of or within the confines of the target area, and that therefore 
their downwind drift would follow the computed trajectories 
of the nucleated fallout particles; it was found that a 2-hour 
purge period was indeed adequate and required at the downwind boun-
dary of the target. The time from seeding to ground interception 
of these particles was from 3/4 hour to 1-3/4 hours. Along the 
upwind boundary a smaller purge time would be required. It 
appears difficult at this time to design a seeding and evalua-
tion system where 4-hour blocks, rather than 2-hour blocks, 
would be seeded with shifting time zones employed to insure no 
contamination of the following or leading not-seeded block. 
An analysis of persistence or carry-over effect from seeded 
to not-seeded blocks, similar to that developed by Bowen (1966) 
- 36 -
for seeded seasons, was not attempted due to an insufficient 
number of cases. 
On the basis of the above findings, it was ~ecided to aban-
don all thought of supplementary analyses based upon time periods 
shorter than 4-hour blocks. 
The observed high ratio pattern matches the model predictions with 
sufficient agreement that we have confidence that this mode of seeding 
has indeed increased the precipitation within a portion of the general 
target area. 
A conclusion based solely upon the statistical analysis of the col-
lected data, without reference to the model predictions, would be that 
the null hypothesis must be accepted, i.e. the arrangement of precipita-
tion amounts between seeded and no-seeded blocks is not different. It 
is our belief that an enlargement of the sample of seeded and non-seeded 
blocks might result in the rejection of the null hypothesis. The collec-
tion of more cases would also permit more data stratifications and this 
in turn may lend further insight into the precipitation processes and 
any possible seeding-produced modifications over the Wasatch Range. 
B. APPROACH 
The approach to the evaluation of the Wasatch Airborne Seeding Program 
has been to test the null hypotheses regarding the capability of the seed-
ing system employed to produce a measurable change in precipitation for 
the fixed target. There are a number of questions in connection with 
the design which have a bearing on the outcome of this test. They are: 
1. Does the allowance of a 2-hour nuclei purge time provide an 
adequate safeguard against contaminating a seeded or non-seeded 
block starting thereafter? 
2. Would stratifications of the data provide additional insight in-
to any effects of seeding? 
3. Could the predicted areas of effect based upon computations 
employing an area of effect model provide information for fur-
ther stratifications? 
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4. Is the accuracy and resolution of the observing raingauge net-
work adequate to measure the target area precipitation? 
Two approaches were pursued in attempting to verify Item 1. One 
was based upon maps of the half hourly precipitation interpolations. 
The other was based upon the resul ts of the area of effect computati ons. 
Computer printouts were made of the half hourly precipitation interpola-
tions received from Utah State University (USU) and were very useful 
in the first approach. Extensive reference was made also to the com-
puter produced precipitation time graphs at each station. 
The area of effect computations proved to be the most satisfactory 
approach for the verification of Item 1. The model predicts the nuclea-
tion, growth, and fallout of particles to ground interception in 50 sec 
steps. It therefore provides a good estimate of time required under 
differing synoptic patterns for full seeding effects to occur in the 
target area. 
It was originally intended to stratify the data by 500 mb tempera-
ture, air mass stability, and possibly wind, in pursuing Item 2. The 
number of data available reduced the possibility of this approach. How-
ever, a 500 mb temperature of -21C divided the sample into two almost 
equal categories and it turned out that this divison also separated the 
sample into two significantly different stability categories. Cases 
with· temperatures warmer than -21C were either completely stable, or, 
in a few instances, had only shallow instability layers. Cases with 
temperatures colder than -21C were all unstable through a rather deep 
layer. Due to the limited sample size further stratifications were not 
attempted. The Wilcoxon match-pairs signed-ranks tests were also 
applied to individual high ratio stations for each of these stratifica-
tions for the 4-hour blocks. 
The approach to Item 3 consisted mainly in comparing the location of 
predicted areas of effect for the various seeded cases to the observed 
mean seed/no seed ratio pattern. The approach of comparing predicted 
areas of effect to observed ratio patterns was also applied to the two 
categories into which the sample was divided. The area of effect model 
which was utilized was developed by Aerometric Research Inc. (an affiliate 
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of North American Weather Consultants, NAWC). 
In addition to the comparison of predicted and observed areas of 
seeding effect, a study of predicted and observed time of seeding effect 
was attempted. The half hourly precipitation maps were used extensively 
in performing this task. Another approach was the plotting of the half 
hourly precipitation amounts versus time for most of the test cases. 
These were then examined for increased precipitation during the time 
interval of predicted increase. 
The approach to Item 4 was to relate the predicted areas of effect 
and observed seed/no seed ratio pattern to the observing raingauge net-
work. 
C. PROJECT DESIGN 
The design of a cloud seeding test program must necessarily take into 
consideration the seeding technique that is to be tested, and the mode in 
which this technique is utilized. There also must be seed and no-seed 
cases selected on a random basis. The seeding technique employed silver 
iodide dispensed by airborne pyrotechnics and the mode was to release 
the seeding material at approximately the -5C level along pre-selected 
seeding tracks upwind of the target area. An 8-hour test case was desig-
nated when conditions were forecast to be suitable for seeding. Within 
this period either the first or last 4-hour block was selected as a seed 
period on a random basis. The actual seeding was restricted to the first 
two hours of the seed block to allow for a nuclei clearing period prior 
to a subsequent 4-hour no-seed block, or to the start of another test case. 
The seeding tracks were determined by Atmospherics Inc. (AI) from 
their estimates of time required for nucleation, and the growth and fall-
out of the precipitation particle into the target area. Under light 
winds the seeding was done just upwind of the target boundary whereas under 
strong winds the seeding was done some distance away. The seeding track 
w~s about 50 km long. This "patrol-type" seeding, along a fixed track 
in a given wind pattern, is treated in this analysis as providing a line 
source of nuclei rather than the actual moving point source. 
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A depiction of aerial seeding of a stratiform orographic cloud is 
shown in Fig. 2. With the seeding tracks employed, nucleation occurs 
upwind of the mountain with subsequent growth and fallout to ground 
occurring to the lee of the range. The area of effect model treats the 
fallout trajectory of the precipitation particle as being a ballistic 
trajectory in stratiform seeding. Based upon the computations, the length 
of time required for nucleation, growth and fallout generally varied from 
three-fo~t~of an hour to an hour and one-half with this mode of seeding. 
Aerial seeding of a convective cell is depicted in Fig. 3. In this 
case the nucleating material is carried upward into the cloud by a con-
vective updraft. In the model, nucleation occurs in a series of steps 
on ascent above the -5C level with sets of growing ice particles retained 
within the convection cell for sometime before falling out. In the convec-
tive case the model moves the convection cell and associated precipitation 
300 to the right of, and at one-half of the speed of the mean wind through 
the convective layer. Radar data have provided this emperical relation-
ship from other areas. 
With patrol seeding in a convectively unstable air mass, it is con-
sidered probable that some of the nucleant from the effective line 
source is entrained into convection and some nucleates stratiform oro-
graphic cloud between cells. Therefore, in the convective (or unstable) 
cases, both the convective and stratiform forms of the model were employed. 
In the convective case the length of time required for nucleation, 
growth, and fallout is dependent upon the level within the cell that 
injection of the nucleant occurs, the cloud water content in the cell, 
and in its environment after fallout, and the growth habits of ice crys-
tals. Based upon computations for the unstable condition the time inter-
val required for the various particles to reach the ground varied from 
just under three-fourths of an hour to one and three-fourths hours. 
D. EVALUATION DATA 
The data necessary for evaluation of the seeding program were furnished 
by USU and AI. Data furnished by USU include the following: 
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Figure 3 
1. A printout of the gauge readings showing date and time. The 
gauge readings are the accumulated precipitation. Reading rates 
averaged around once everyone-half to one hour. 
2. A printout of half hourly linearally interpolated precipitation 
amounts with the interpolation period indicated. 
3. Card decks containing the half hourly interpolated precipitation 
amounts. 
4. Upper air soundings. 
5. Winds aloft computation sheets. 
AI provided the following data: 
1. Test period. 5. Total seeding material. 
2. Seed period. 6. Air temperatures 
3. Flight track, elevation and speed. 7. Meteorological summaries 
4. Seeding rate. 
From the seeding rate and the size of the aircraft, the following com-
putations were made to provide an estimate of the concentration of the 
nucleant in the effective line source along the seeding track: 
Assume initial mixing is by using tip vortices which cover an area of 
265 m2. 
Air speed = 120 kts : 60 m/sec. 
then the concentration of AgI in the initial mixed plume for a source 
strength of 2.5 g/min - 4.17 x 10-2 x g/sec is: 
Co = 4.17 x 10-2 x (60 x 265)-1 = 2.62 x 10-6 g/m3 
E. DATA PROCESSING 
The pertinent portion of the USU telemetered gauge network is shown 
in Fig. 4. The gauge number, name, elevation, latitude, and longtitude 
are presented in Table 12. This network consists of float type gauges, 
which are shielded, and charged with antifreeze. A radiotelemetry system 
is employed to transmit a frequency modulated signal that is proportional 
to the depth of water in the gauge. The entire network is interrogated 
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FIGURE 4. PART OF THE USU TELEMETRY NETWORK. THE DASHED LINE 
DENOTES THE FIXED TARGET AREA. AN ASTERISK DENOTES 
THAT THE STATION IS A TELEMETERED SNOW PILLOW. 
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TABLE 12 
WASATCH WEATHER MODIFICATION PROJECT PRECIPITATION TELEMETERING STATIONS 
Sta. 
No. Station Name Latitude Longitude Altitude Can Size 
201 Dayton 42°08'51" 112°04'03" 7550' 36 inch 
602 & 03 Tony Grove Ranger Station 41°53'10" 111°36'10" 6800' 36 inch 
1001 Gold Hill 40°50'03" 110°53'55" 9800' 70 inch 
1202*& 03 Cinnimon Creek 41°28' 111°48' 6000 
1501 Clarkston 41°55'09" 112°05'45" 6300' 70 inch 
1602*& 03 Franklin Basin 42°03'08" 111°35'55" 8100' 70 inch 
~ 1701 Hell Canyon 41°40'22" 112°00'30" 6400' 70 inch (J1 
2001 Curtis Creek 41°36'05" 111°24'30" 8500' 70 inch 
2101 Magpie Flats 41°13'57" 111°38'37" 7600' 70 inch 
2301 Highline Trail 40°48' 109°44' 10110' 
2501 Herd Hollow 41°43'12" 111°35'42" . 7350 ' 70 inch 
2609 Providence Traps 41°42'08" 111°41'40" 8800' 70 inch 
2901 Hoodoo 41°09'30" 111°35'12" 8350' 70 inch 
4401 Hyrrnn Dam 41°37'17" 111°50'45" 4795' 36 inch 
4501 Hardscrabble 40°53' 111°43' 6720' 
4602*& 03 Tony Grove Lake 41°53'00" 111°39'00" 8400' 70 inch 
4701 Lily Lake 40°51'17" 110°46'50" 9300' 70 inch 
4902*& 03 Ben Lomond 41°21'49" 111°55'05" 8800' 70 inch 
5002*& 03 Dry Bread Pond 41°24'50" 111°32'46" 8250' 70 inch 
TABLE 12 (cont'd'L 
WASATCH WEATHER MODIFICATION PROJECT PRECIPITATION TELEMETERING STATIONS (CONT'D) 
Sta. 
No. Station Name Latitude Longitude Altitude Can Size 
5702*& 03 George Peak 41°52'56" 113°27'31" 8800' 70 inch 
8002*& 03 Monte Cristo 41°25'29" 111°30'54" 8880' 70 inch 
6301 Francis Canyon 41°08'27" 111°17'45" 7360' 70 inch 
6501 Guilder's Peak 41°13'53" 111030'OO" 8000' 70 inch 
6601 Hardware Ranch 41°36'04" 111°32'29" 5700' 36 inch 
6801 Paradise Canyon 41°33'47" 111°40'18" 7650' 70 inch 
7001 Bug Lake 41°41'00" 111°25'05" 7950' 70 inch 
7101 Deer Springs 41°33'02" 111°27'50" 8450' 70 inch 
.J:a 
0\ 7801 Sargent Lakes 40°49'39" 111°16'40" 8350' 70 inch 
9501 Chalk Creek #2 40°53'52" 111°05'25" 7850' 70 inch 
9701 McCoy Park 40°50'57" 110°04'10" 10600' 70 inch 
10401 Shingle Mill Flat 40°44'12" 110°07'55" 9900' 70 inch 
10903 Chalk Creek #1 40°50'58" 110°05'12" 8800' 70 inch 
11101 Kelley Ranger Station 42°16'07" 110°47'55" 8750' 70 inch 
11301 South Canyon Lower 41°29'48" 111°49'08" 5260' 36 inch 
12401 Little Bear Upper 41°24'20" 111°49'25" 6600' 70 inch 
12501 Porcupine 40°59'00" 111°09'05" 8100' 70 inch 
13201 Middle Fork Ogden 41°20'50" 111°43'35" 8420' 70 inch 
14601 Woodruff 41°31'20" 111°10'40" 6350' 36 inch 
14701 Klondike Narrows 41°58'05" 111°35'55" 7400' 70 inch 
15201 Trigara Springs 41°45'25" 111°30'18" 7200' 70 inch 
16202*& 03 Steel Creek Park 40°55'00" 111°29'58" 10100' 70 inch 
16401 Sinks 41°52'00" 111°30'10" 8600' 70 inch 
* - Snow Pillow 
approximately every half hour. At some locations there were two gauges. 
The network also consists of several telemetered snow pillows. 
A grid system was established so that a computer printout of the 
interpolated half hourly precipitation amounts, arranged in their 
relative location could be obtained. These printouts were obtained for 
all the test cases for which data were provided. In addition, a pro-
gram was prepared so that a printout of half hourly differences (pre-
cipitation tendency) could be obtained. This was done for a few cases 
and then abandoned when it did not appear to be a useful approach. 
Precipitation amounts for the 4-hour seed and 4-hour no-seed blocks 
were summed from the half hourly interpolation, using as a guide a print-
out of the original gauge readings. These amounts were summed by seed 
or no-seed block for all cases, cold cases, and warm cases and mean seed/ 
no seed ratios computed and mapped. Interpolated data for improper 
interpolation periods were deleated. Wilcoxon match-pairs signed-ranks 
test was applied to test the significance of the precipitation differ-
ences between the seed and no-seed blocks. The Wilcoxon test is most 
applicable to the data if there is indeed dependence between the 4-hour 
seed and nd: seeded pai rs. 
The area of effect model requires the terrain height profile (in mb) 
on a 5 kilometer grid of the seeding area as a part of the program. 
The sounding data required include the following: 
1. Mean temperature, mean wind direction, and mean wind speed 
in 50 mb increments. 
2. A specially defined convection base and top. 
3. Cloud ceiling. 
4. Depth of a low layer in which the cold air "pools" in the 
valley, often under a shallow inversion. 
5. The strength of the nucleating source. 
These factors were determined from the soundings provided by USU and 
information provided by AI. The data for individual test cases were 
put into the proper format to be card punched and fed into the computer 
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for the area of effect computations. In the following Section F. a 
summary of the model is presented. A summary printout of the area of 
effect computations provide ground intercept points for particles 
initiated from a nucleating source at a specified point. The source 
points used for the computations were the elevations at the end points 
of the seed tracks used for that particular test case. In making 
the area of effect computations, it was assumed, from considerations 
presented in Section c. that a seeding effect could occur from either 
a convective process or a stratiform process. 
The convective process as a rule occurs in an unstable air mass 
having a lapse rate lying between the wet and dry adiabatic values. 
Figure 5 illustrates the typical situation. The air mass is stable 
above cloud base with respect to the dry process, but unstable with 
respect to the wet process. A small upward perturbation in saturated 
air can initiate convection, even though the air above this point is 
dry. In accordance with the classical parcel method, a saturated air 
parcel at cloud base rises unmixed upward along the moist adiabatic Ym. 
Because the temperature of this parcel is higher than that of the envir-
onment, the parcel is buoyant and accelerates upward through the posi-
tive area (area where Ye <Ym). The upward momentum thus gained propels 
the parcel above the positive area and into the negative area (area 
where Ye> Ym) where deceleration to zero velocity occurs at the level 
where the two areas balance one another (on a T-0 diagram). This is 
indicated as cloud top (I) in Fig. 5. 
It was found many years ago that this level was seldom attained, 
an observation which one might anticipate in view of the fact that 
the parcel method assumes all of the potential energy of the conditionally 
unstable air mass is converted directly into kinetic energy in the form 
of upward motion of the parcel. That is, there is no allowance for 
energy dissipating interactions with the environment. 
The predominant interaction with the environment involves horizon-
tal mixing wherein the excess of temperature, upward momentum, and 
condensate within the rising parcel is reduced toward that of the environ-
ment. On the basis of observations in winter storms, the ascent curve 
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Yd : Dry adiabat from cloud bas. 
Figure 5 
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in the heart of the parcel resembles that shown by the dashed line Yc 
in Fig. 5. It overshoots the environmental temperature very little, 
or even not at all. 
In the computations involving the convective process, the cloud 
top is assumed to be at the top of the positive area noted in Fig. 5. 
Radar data often indicate that cloud tops are near this level. 
Although the convective base is noted as being at cloud base in Fig. 5, 
it may be above or below cloud base depending upon the individual 
sounding. 
F. CLOUD SEEDING AREA OF EFFECT r~ODEL 
This is a computerized engineering-type steady state model for pre-
dicting the area of seeding effect in real time. The primary inputs are 
an upwind sounding, the terrain features of the operating area, and the 
nucleant source position and characteristics. It can be applied to both 
aerial and ground sources, and to unstable and stable air masses. 
The model is composed of a group of sub-models which are: 
1. A sub-model of air-flow over an orographic barrier. This is a 
steady state minimum energy model for a finite size barrier. It has 
been modified for application in three dimensions, and includes a fric-
tion layer. The three components of motion are predicted at any point 
from inflow sounding data. 
2. A ground plume dispersal sub-model. This can duplicate by vary-
ing the input parameters, a variety of plume types. The model predicts 
the mean nucleant concentration and plume center line position downwind 
of a ground source. 
3. An environmental cloud water sub-model. This is based upon the 
assumption that natural precipitation processes reduce the mean background 
cloud water content to a fixed fraction of that condensed by adiabatic 
lifting. For example, storm water budget studies over the Sierras and in 
the California coastal ranges indicate cloud water content averages 50% 
and 75% of its adiabatic value, respectively. The sub-model predicts the 
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cloud water content at any point from inflow sounding data. 
4. A cloud physics and water budget sub-model. This includes acti-
vation of successive sets of nuclei at 2C increments, and the growth of 
the ice particles this produced by diffusion and accretion processes 
except as limited by water budget. The model predicts liquid water and 
ice concentrations, and precipitation at ground level at any distance 
along the ground plume. 
5. Convection sub-model. If the air mass is unstable, it is assumed 
that the ground plume acts as a line source feeding into convective ele-
ments passing over the plume. Parameterized convection cells are seeded 
at a series of arbitrary points along the ground plume. The cloud physics 
and water budget aspects are similar to those of the ground plume, but 
with the precipitation particles falling from the tilted convection column 
continuing to grow by accretion as theyfall and drift horizontally. The 
different particle sets falling from various levels, have widely varying 
sizes, terminal velocities and horizontal drifts. Accordingly, ground 
interception is spread over a large area. The area of effect is defined 
as the envelope surrounding the cluster of ground interception points 
from all computed convection towers. 
Two types of aerial seeding can be handled. One is where the seed-
ing is done in a non-convective cloud environment (stratiform seeding). 
Here, initial mixing by prop-wash is assumed. After initial nucleation; 
growth, fa 11 out, dri ft and ground i ntercepti on are computed. 
The second type of aerial seeding is that where the nuclei are in-
jected di rectly into convect; on base, either by di rect fl i ght, or by 
radar-vectored on-top flight where delayed-action seeding devices are 
dropped. The initial concentration is estimated in the convection column, 
and the rest of the calc'ulation follows that for the convection case. 
G. ANALYSIS 
1. Examination of Half Hourly PreCipitation Maps 
The possibility that precipitation bursts, bands, or fronts could 
be tracked through the gauge network area on the computer printout of the 
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interpolated half hourly precipiation amounts was not completely ful-
filled. The reason for this in many instances was that the precipitation 
intensity was so low that precipitation bursts could not be detected. 
It may indeed be that these do not occur in association with the lower 
intensity precipitation. Also, in some cases, the gauge network was being 
read out too infrequently, so that the bursts were smoothed out. In cases 
where the telemetry system was read out at twenty minute intervals and 
the intensity was sufficient, precipitation bands could be traced through 
the network. However, the frequency of these cases was low enough so 
that the idea of employing selected half hour or 2-hour ratios was 
abandoned. For these reasons, the use of the areal printouts of the 
half hourly amounts were of little value in attempting to detect seed-
ing produced increases in a particular area during a particular time 
period. 
2. Seed/No Seed Ratios 
The designated randomly selected 4-hour seed and a 4-hour no-
seed block were the only time increments considered suitable for analy-
sis. Complete precipitation data were available for fourteen of the 
aerial seeding cases. The cases were stratified into two categories 
according to 500 mb temperature. This happened also to divide the cases 
into stable and unstable categories. The dividing temperature' used was 
-2IC. The test cases analyzed are listed in Table 13 according to cate-
gory. The date and times of the test cases are listed with a notation 
as to whether the first or second 4-hour period was the seeded one. Also 
listed is the site and times of release of rawainsondes for each test 
case. Salt Lake City sounding times are noted for only those cases that 
the sounding data were used in the area of effect computations. The 
precipitation data for the 4-hour seed and no-seed periods for the 
test cases are listed in Table 14. Ratios were obtained by dividing 
the summation of the precipitation for all seed cases by the summation 
of the precipitation for all no-seed cases. Similar ratios were deter-
mined for the cold cases and warm cases. These precipitation summations 
and ratios are listed in Table 15. 
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CASE NO. TEST PERIOD 
TABLE ·13 
TEST CASE STRATIFICATIONS 
Warm 
500 mb. temperature >-21C 
Stable Cases 
3 2300M Dec 20-0700M Dec 21 
4 2100M Dec 21-0500M Dec 22 
5 1700M Jan 9-0100M Jan 10 
8 1400M Jan 16-2200M Jan 16 
9 1230M Jan 21-2030M Jan 21 
10 2030M Jan 21-0430M Jan 22 
11 0430M Jan 22-1230M Jan 22 
13 2300M Feb 12-0700M Feb 13 
Cold 
500 mb. temperature <-21C 
Unstable Cases 
1 2300M Dec 10-0700M Dec 11 
2 2330M Dec 19-0730M Dec 20 
6 1100M Jan 10-1900M Jan 10 
14 OIOOM Feb 14-0900M Feb 14 
16 2000M Mar 14-0400M Mar 15 
17 2300M Mar 16-0700M Mar 17 
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DATE 
SEED BLOCK SOURCE TIME 
second SLC 0415M 
first USU 2307M 
second USU l'llOM, 2234~ 
second USU 1619M, 2230~ 
first USU 1615M 
first USU 2219M 
second usu 1015M 
first USU 2355M 
first USU 2225M 
first USU 0415M 
first USU 1105M, 1615M 
first SLC 0415M 
first USU 2240M 
SLC 0415M 
second USU 2307M 
SLC 0415M 
TABLE 14 
STATION PRECIPITATION TOTALS BY SEED/NO SEED BLOCK 
Station'\(est 
No. Case 11 21 3 4 5 61 8 9 10 11 13 141 161 171 
201 *.03 .09 .01 .20 0 0 .01 .09 .04 .01 0 .07 
.01 .01 .12 .04 .09 .04 .02 .18 0 .01 .01 .17 
602 0 .30 .12 0 .22 .25 .03 .22? .05 0 0 0 0 .22 .04 .05 .03? .03 
603 .01 .06 .01 .08 0 .06 .39 .05 0 0 .01 .01 .05 0 .03 .36 .08 0 
1001 .06 .13 .02 .39 0 .08 .52 .05 .23 
.05 .05 .02 .14 .01 .09 .10 .04 .19 
U'1 
~ 
.02 .08 0 .34 .03 .04 .29 .17 .34 .52 0 .25 .06 1501 0 0 .12 0 .14 .06 .42 0 .28 .06 0 .01 .28 
1202 .05 .01 .05 .05 .06 .03 .32 0 .38 .04 
.03 0 .05 .01 .07 .03 .06 0 .11 .24 
1203 .02 .04 .01 .37? .04 0 .15 .10 .08 .18 .67 0 .50 .03 
.02 .01 .04 .18? .01 0 .07 .04 .17 .21 .10 .08? .09 .22 
1602 .17 .18 .55? .42 .15 
.12 .04 .40? .18 .86 
1603 .01 .05 0 .27 .04 .08 .21 0 .08 .29 0 .04 .11 .01 .03 .08 .26 0 .02 .66 
1701 0 .33 .02 1.17 .25 .14 .89 .27 .21 .10 .40 .20 
.01 .04 .46 0 .06 .07 .76 .07 .59 .68 .05 .16 
2001 .08 .20 .02 .04 .20 .89 .20 .10 .17 .11 .12 
.01 .03 .11 .02 .03 .26 .05 .09 1.23 .01 .54 
TABLE 14 
STATION PRECIPITATION TOTALS BY SEED/NO SEED BLOCK (CONT'D.) 
Station ",""0"" 
No. Case 11 21 3 4 5 61 8 9 10 11 13 141 161 171 
2101 .03 .05 0 .51? .07 .14 .09 .17 0 .47 .17 
.04 .02 .02 .26? .03 .06 .01 .42 .03? .23 .48 
2501 .02 0 .78? .03 .14 .35 .12 .20 .09 .13 .02 .14 .06 
.01 .05 .04? .04 .02 .10 .06 .19 .22 .01 .01 .01 .36 
2609 .01 .04 
.02 .02 
2901 .03 .02 .01 .67 .11 .22 .24 .21 .07 .06 .25 .22 
.05 .01 .04 .19 .04 .06 .20 .01 .53 .57 .23 .25 
4401 0 .03 .01 .38 .01 .02 .18 .11 .07 .04 .26 .04 0 .01 .06 0 .01 .01 .07 0 .08 .16 0 .25 
4501 .09 .02 .95 .46 .48 .15 
(J'I 0 .02 .12 .03 .11 .31 
(J'I 
4602 .19 .03 .17 .18 .56 .45 .05 .41 .05 0 .18 .01 .08 .36 .18 0 .19 .46 
4603 .21 .02 .09 .19 .66 0 .26 .12 
.02 .15 .04 .19 .24 0 .13 .37 
4701 .08 .08 .01 .13 0 .09 .28 0 0 0 .17 .19 
.03 .10 .02 .09 0 .02 .01 0 .06 .07 .20 .15 
4902 .03 .08 0 .13 .47 .14 .40 .17 .26? .51? 
.02 .09 .03 .11 .23 .07 .30 .27? .51? .52? 
4903 .03 .04 0 .70? .23 .11 .52 0 .03 .02 .15? .50 .13 .40 
5703 .02 .02 .01 .14 .02 .31 .02 .01 .07 0 .15 .12 
.07 .02 .04 .04 .03 .21 0 .02 .02 0 .12 .12 
TABLE 14 
STATION PRECIPITATION TOTALS BY SEED/NO SEED BLOCK (CONT'D.) 
Station ""est 
No. Case 11 21 3 4 5 61 8 9 10 11 13 141 161 171 
6301 .01 .02 .58? 0 .05 .54 .05 .16 .15 .27 0 .33 .16 
.05 .02 .03 .04 .04 .20 .02 .08 .11 .09 0 .09 .23 
6501 .13 .24 0 .7 ? .01 .04 .69 .12 .24 0 .12 .13 
.04 .02 .11 .24? 0 .02 .12 .08 .62? 0 .05 .35 
6601 0 .07 .02 .51 0 .07 .16 .01 .06 .28 .08 0 .22 .20 
.03 0 .02 0 0 .03 .16 .05 .27 .04 .02 0 .01 .14 
6801 .03 .08 0 .6n .03 .07 .24 .29 .54 .27 .69 .02 .62 .07 
.02 0 .10 O? .07 .04 .32 .17 .45 .12 .06 .01 .01 .31 
7001 .02 .06 .04 .16 0 .04 .37 .04 .10 .04 0 .13 .13 
.01 .03 .05 .07 0 .07 .14 .05 .43 .01 0 .02 .25 
7101 .08 .25 0 .42 .04 .09 .36 .18 .24 .18 .09 .01 .04 .26 
.08 .06 .09 0 .04 .15 .22 .12 .34 .47 .02 0 .25 .12 01 
m 
7801 .03 .11 .02 .13 0 .06 .22 .06 .03 .37 .27 
.02 .07 .03 .04 0 .02 .11 0 .29 .15 ~15 
8002 0 .08 .05 .41 0 .04 .22 .13 .23 .58 .50 .12 0 0 .03 .11 0 .04 0 .16 .53 .63 .17 .47 
8003 .07 .09 0 .64 .03 .11 .27 .19 .32 .45 .53 .02 .49 .10 
.05 0 .07 .13 .04 .09 .14 .13 .43 .44 . on 0 .08 .50 
9501 .01 .on .02 .32 0 .06 .24 .12 .09 .03 .02 0 .28 .15 
.02 . on .01 .11 0 .09 .01 .02 .04 .10 .34 0 .27 .17 
10903 0 .09 0 .39 .02 .45 .24 
.03 .10 .02 .19 .03 .02 .28 
11301 0 0 0 .66? .02 .02 .04 .54 0 .15 0 0 .01 .Ol? 0 0 .02 0 0 .42 
12401 .04 .05 .69? .05 .07 .12 .29 .33 .44 .05 .40 .05 
.02 .05 .03? .09 .01 .13 .24 .30 .11 .02 .04 .26 
TABLE 14 
STATION PRECIPITATION TOTALS BY SEED/NO SEED BLOCK (CONTID.) 
Station Test 
11 21 61 1 1 
1 
No. Case 3 4 5 8 9 10 11 13 14 16 17 
12501 .17 0 .39 .32 .04 .22 O? .11 .22 
.10 .01 .13 .16 .10 .23 .24? .02 .16 
13201 .06 .17 .02 .55 .15 .12 .56 .36 .17 .40 .10 .07 
.04 .02 .07 .09 .10 .10 .19 0 .69 .43 .03 .21 
14601 0 0 0 .01 .02 .17 .02 .43 .01 0 0 0 0 .02 .04 0 .07 .08 
14701 .02 .08 .01 .06 .05 .36 
.04 0 .10? .05 .18 .16 
15201 .03 .12 .01 .06 .09 .36 .49 .09 
.02 .01 .05 .04 .07 .13 .10 .55 
16401 .09? .21 .02 .37? .08 .08 .57 .19 .42? .03 .20 .05 
.04? .03 .16 .15? .04 .25 .38 .13 .73? .06 .17 .37 
U'1 
...... 
* Top entry is 4 hour seed total. Bottom entry is 4 hour no seed total. 
? Denotes doubtful data due to interpolation period. 
1 Denotes cold cases. 
TABLE 15 
SEED-NO SEED BLOCK PRECIPITATION SUMMATIONS AND RATIOS 
Category Sta. 201 602 603 1001 1501 120f 1203 160f 1603 1701 2001 2101 
A* 12 9 8 9 9 13 10 14 13 5 4 10 12 11 11 9 
All Cases B .55 1.19 .97 .66 1.48 2.14 .99 2.19 1. 82 1.47 .92 1.03 3.98 2.13 1. 70 1.19 
C .70 .37 .34 .54 .69 1.37 .60 1.24 1.06 1. 60 1.20 1.21 2.95 2.38 1. 60 1.31 
D .78 3.22 2.85 1. 22 2.14 1. 56 1.65 1.77 1. 72 .92 .77 .85 1.35 .89 1.06 .91 
A 5 4 4 5 6 4 6 5 4 6 5 5 6 5 
Cold B .19 .57 .13 .55 .45 .43 .59 1.47 .92 .51 1. 07 .71 .86 .86 
C .24 .25 .04 .42 .35 .35 .42 1. 60 1. 20 .80 .33 .62 .86 .83 
D .79 2.28 3.25 1.31 1.29 1.23 1.40 .92 .77 .64 3.24 1.15 1.00 1.04 
U1 
00 A 7 5 4 5 4 7 6 8 7 4 7 6 5 4 
Wann B .36 .62 .40 .53 .93 1. 69 .56 1.60 1.23 .52 2.91 1.42 .84 .33 
C .46 .12 .09 .50 .27 1.02 .25 .82 .64 .41 2.62 1. 76 .74 .48 
D .78 5.17 4.44 1. 06 3.44 1.66 2.24 1.95 1.92 1. 27 1.11 .81 1.14 .69 
1 = Snow Pillow Data 
* A = Number of Cases 
B ~ ~ 4-hour seed blocks 
C = ~ 4-hour no seed blocks 
D = Ratio of seed to no seed 
If two columns are listed for a station, the one with the greatest number of cases contains computations 
containing doubtful data. 
TABLE 15 
SEED-NO SEED BLOCK PRECIPITATION SUMMATIONS AND RATIOS (CONTID) 
Category Sta. 2501 2901 4401 4501 46021 4603 4701 49021 4903 5703 6301 
A 13 12 12 12 6 9 8 12 10 7 7 6 12 13 12 
All Cases B 2.08 1.30 2.11 1.15 2.15 2.09 1. 55 1.D3 2.19 1. 25 1. 63 .93 .89 2.32 1. 74 
C 1.12 1.08 2.18 .65 .59 1.46 1.14 .75 2.15 .85 1. 23 1.08 .69 1.00 .97 
D 1. 86 1.20 .97 1.77 3.64 1.43 1.36 1.37 1.02 1.47 1.32 .86 1.29 2.32 1. 79 
A 5 5 5 3 5 5 5 3 3 5 5 
Cold B .38 .74 .35 .72 .88 .78 .61 .25 .18 .31 .55 
U'1 C .41 .60 .27 .42 .73 .71 .50 .18 .16 .33 .41 
\D 
D .93 1. 23 1.30 1.71 1.20 1.10 1. 22 1.39 L13 .94 1.34 
A 8 7 7 7 3 4 3 7 7 4 4 3 7 8 7 
Warm B 1. 70 .92 1.37 .80 1.43 1.21 .77 .42 1.94 1.00 1.45 .75 .58 1.77 1.19 
C .71 .67 1. 58 .38 .17 .73 .43 .25 1.97 .67 1. 07 .92 .36 • ~9 .56 
D 2.39 1.37 .87 2.10 8.41 1. 66 1. 79 1. 68 .98 1.49 1.35 .82 1.61 3.00 2.12 
TABLE 15 
SEED-NO SEED BLOCK PRECIPITATION SUMMATIONS AND RATIOS (CONTID) 
Category Sta. 6501 6601 6801 7001 7101 7801 80021 8003 9501 10903 
A 12 10 14 14 13 13 14 11 12 14 13 14 13 7 
All Cases B 2.46 1.48 1. 68 3.62 2.95 1.13 2.24 1.30 2.36 3.31 2.78 1.43 1.34 1.19 
C 1.65 .78 .77 1. 68 1.68 1.13 1.96 .88 2.14 2.19 2.10 1. 25 1.18 .67 
D 1.49 1.87 2.18 2.15 1. 76 1.00 1.15 1.48 1.10 1.51 1.32 1.14 1.14 1. 78 
A 6 6 6 6 6 5 5 6 6 5 5 
01 B .66 .56 .89 .38 .73 .84 .74 .88 .59 .50 .80 0 Cold 
C .48 .21 .38 .38 .66 .41 .68 .72 .62 .55 .46 
D 1.38 2.67 2.28 1.00 1.10 2.05 1.09 1.22 .95 .91 1.74 
A 6 4 8 8 7 7 8 6 7 8 7 8 
Warm B 1. 80 .82 1.12 2.73 2.06 .75 1. 51 .46 1. 62 2.43 1.90 .84 
C 1.17 .31 .56 1. 29 1.29 .75 1.30 .47 1.46 1.47 1.38 .63 
D 1.54 2.64 2.00 2.12 1.60 1.00 1.16 1.00 1.10 1. 65 1.38 1.33 
• 
TABLE 15 
SEED-NO SEED BLOCK PRECIPITATION SUMMATION AND RATIOS (CONT'D) 
Category Sta. li301 12401 12501 13201 14601 14701 15201 16401 
A 10 9 12 11 9 8 12 9 6 8 12 9 
B 1.43 .77 2.58 1.89 1.47 1.47 2.73 .66 .58 1.25 2.31 1.43 
All Cases 
C .• 46 .45 1.30 .27 1.15 .91 1.97 .21 .53 .97 2.51 1. 59 
D 3.10 1.71 1.98 1.49 1.28 1.62 1.38 3.14 1.09 1.29 .92 ... 90 
0'1 
..... 
A 5 5 3 5 5 3 5 6 5 
B .17 .61 .50 .52 .46 .15 .82 .66 .57 
Cold 
C .42 .35 .28 .40 .15 .22 .75 .92 .88 
D .40 1.74 1. 78 1.30 3.07 .68 1.09 .72 .65 
A 5 4 7 6 6 5 7 4 3 3 6 4 
Wann B 1.26 .60 1.97 1.28 .97 .97 2.21 .20 .43 .43 1.65 .86 
C .04 .03 .95 .92 .87 .63 1. 57 .06 .31 .22 1.59 .71 
D 2.07 1.39 1.11 1.54 1.41 3.33 1.39 1.95 1.04 1.20 
The analysis of the seed/no seed ratios for all cases is shown in 
Figure 6. An area of ratio in excess of 1.5 extends along an axis from 
the south central part to the northwest corner of the target area. It 
may be noted that the data for one station, 6601, has a ratio in excess 
of 2.0. Data were available for the station for all fourteen test cases. 
Figures 7 and 8 pertain to the two 500mb temperature categories. In 
some instances the ratios are presented in parenthesis. These are ques-
tionable due to the inclusion of test case data that are doubtful. Doubt-
ful data are associated with improper interpolation periods. For example 
in some cases the interpolation period encompassed a portion of both 
the seed and no/seed block or in other cases it extended outside of the 
test case. In many cases it was possible to determine, from surrounding 
stations, the validity of the values. In making the analyses, emphasis 
was placed upon ratios with the greatest number of cases. The ratios used 
for the analysis in Figure 7 were limited to those stations with data 
for 5 of the 6 possible test cases. In Figure 8 the ratios used for 
analysis were limited to those stations with data for 6 of the 8 possible 
test cases. The number on the upper right denotes the number of test 
cases from which the ratio was determined. In some instances it was 
noted that exceptionally high or low ratios for a station could result 
from inclusion of the high or low ratios of one or two test cases. This 
was especially true for stations 14601 in Figures 6 and 7 and station 
11381 in Figure 7. 
The analysis of the seed/no seed ratios for the cold category, Figure 
7 suggests more than doubling of the precipitation in two separate areas. 
One of these areas is in the southeastern portion of the target and the 
other one is along the west central edge of the target. Although the 
latter area is drawn for data for one gauge, the following section will 
provide evidence as to its reality. The analysis of the warm cases, 
Figure 8, suggests a doubling of the precipitation over a broad area in 
the central and south central portion of the target area. 
A test of the significance of the matched seed and no-seed precipita-
tion distributions using the Wilcoxon match-pairs signed-ranks test failed 
to show significance for any of th.ese gauges at the .05 ,level. The results 
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FIGURE 6. RATIOS OF THE SUMMATION OF THE PRECIPITATION FOR THE 
SEED-NO SEED BLOCKS FOR ALL TEST CASES. TOTAL POSSIBLE 
CASES IS 14. A SUPERSCRIPT DENOTES THE NUMBER OF CASES 
FOR WHICH DATA WERE AVAILABLE. AN ASTERISK DENOTES THAT 
THE STATION IS A SNOW PILLOW. 
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FIGURE 7. RATIOS OF THE SUMMATION OF THE PRECIPITATION FOR THE 
SEED-NO SEED BLOCKS FOR THE COLD TEST CASES (I.E., 500 
MB TEMPERATURE < -21C). TOTAL POSSIBLE CASES IS 6. A 
SUPERSCRIPT DENOTES THE NUMBER OF CASES FOR WHICH DATA 
WERE AVAILABLE. AN ASTERISK DENOTES THAT THE STATION 
IS A SNOW PILLOW. 
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IS A SNOW PILLOW. RATIOS IN PARENTHESIS INCLUDES TEST 
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of this test are presented in Table 16. The limited size of the data 
sample has been noted previously. 
3. Area of Effect Model Predictions in Relation to Observed Ratios 
In the following discussion attention is focused on the ratios 
for the warm (stable) and cold (unstable) categories, not for the combined 
cases. A comparison of the predicted area of effect to the observed seed/ 
no seed ratio pattern for the aerial stratiform computations in the warm 
stable category is shown in Figure 9. In obtaining the area of effect 
envelopes, the predicted areas for all cases in each category were plotted 
on one map with the envelope encompassing the area within which the pre-
dicted areas fell. The aerial seeding tracks are also on this and sub-
sequent figures in this section. The presence of an area of effect cen-
ter essentially coincident with the high ratio center is considered highly 
significant, as well as is the fact that the envelope of the predicted 
areas essentially encompasses the area enclosed by the 1.5 or greater 
ratio contour. In the stable stratiform situation, a seeding effect from 
the convective process is considered improbable and such computations were 
not performed. 
The envelope. of the predicted areas of effect in relation to the 
seed/no seed ratio for the aerial stratiform computations for the cold 
(unstable) cases, is shown on Figure 10. It was mentioned in Section C. 
that in the patrol seeding approach during the unstable cases, it seemed 
probable that when the plane was not actually in or near a convection 
cell, the seeding of orographic stratiform clouds might occur. Although 
there is not exact agreement between the observed high ratios and the 
center of gravity of the predicted areas in Figure 10, certainly there 
is a suggestion that this type of seeding process is occurring in the 
unstable cases. The center of gravity of the predicted areas in this 
case is approximately 20 km northwest of the observed high ratio area 
similarly located to that of Figure 9 and most likely to be associated 
with stratiform seeding. It must be pointed out that there are no 
gauges within the center of gravity of the predicted areas shown in Fig. 
10. 
The envelope of the predicted areas of effect, in relation to the 
- 66 -
TABLE 16 
PROBABILITIES FROM THE WILCOXON MATCHED-PAIRS SIGNED-RANKS TEST 
Station All Cases Cold Cases Warm Cases 
1701 >.05 * >.05 
1501 >.05 >.05 >.05 
6801 >.05 >.05 >.05 
6601 >.05 >.05 >.05 
4401 >.05 
* >.05 
11301 >.05 * * 
1203 >.05 * >.05 
2501 >.05 * >.05 
14601 * * * 
* Insufficient sample size 
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seed/no seed ratio for the convective computati.ons for the cold (unstable) 
cases, i.s shown in Figure 11. It has been mentioned that the high ratio 
area near the west central portion of the target area was based upon 
one gauge. The envelope of the predicted areas of effect for the convec-
tive process is centered just to the west of this gauge. It may be noted 
that the predi.cted area of effect and a possible center of seeding action 
are compatible. 
4. Apparent Results of An Individual Test Case 
It was suggested in the previous section that the stratiform seed-
ing process as well as the convective process plays a role in the convec-
tive cases with the seeding mode employed. Further evidence of this is 
shown on Figure 12. The area of effect model computes one ground inter-
cept point for each seeding source in the stratiform seeding case. The 
ground intercept points are shown on Figure 12 for this particular case. 
An area of effect is then cons i dered to. i ncl ude the area on ali ne between 
these two points and for a short distance on either side of the line as 
shown on Figure 12. The black dots indicate raingauge locations and the 
graph near each is a plot of the half hourly precipitation amounts versus 
time. 
It may be noted that the precipjtation traces for the gauges at the 
western edge and to the south of the target area show two distinct bands. 
The flat portions of the curves for the two gauges in the upper left 
corner of the figure denote an interpolation period and not continuous 
precipitation. The seeding period was from 1800M to 2000M and is be-
tween what is believed to have been convective bands. The USU sounding 
at 2230M showed a possible convective top of 22,000 feet whereas the 
sounding at 1619M was stable. These are shown in Figure 13. The time 
between the two bands at the gauges along tbe western edge and to the 
south of the target is on the order of three to three and one half 
hours. The interesting feature in Figure 12 is the occurrence of a 
third band at some of the gauges in the target area lying in or just 
downwind of the area of effect envelope. This third band lies between 
the two convective bands corresponding to those shown at the western and 
southern stations. The time of occurrence of this period of increased 
precipitation compares favorably with the time that the model predicted 
it to occur. 
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FIGURE 12. PRECIPITATION DATA AND PREDICTED AREA OF EFFECT FOR 
TEST CASE 8, 16 JANUARY, 1970. SEEDING PERIOD WAS FROM 
1800M TO 2200M. BRACKET DENOTES PRECIPITATION WITHIN 
THE TARGET AREA BETWEEN PRECIPITATION BANDS THAT OCCURRED 
UPWIND AND TO THE SOUTH OF THE PREDICTED AREA OF EFFECT 
WITHOUT PRECIPITATION IN BETWEEN. 
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FIGURE 13. THIN DASHED LINES ARE MOIST ADIABATICS, HEAVY DASHED LINE 
IS SOUNDING FOR 1619M, JANUARY 16, 1970, SOLID LINE IS 
SOUNDING FOR 2230M, JANUARY 16, 1970. THE 1619M SOUNDING 
SHOWED SATURATED AIR BELOW 540 MB, AND THE 2230M SOUNDING 
SHOWED SATURATED AIR AT ALL LEVELS EXCEPT FOR A 4.6C 
TEMPERATURE DEW POINT SPREAD AT 850 MB. 
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H. CONCLUSIONS AND, RECOMMENDATIONS 
From the analyses presented, it i5 believed that a test case of eight 
hours with the first two hours seeded of a randomly selected 4-hour block 
is a suitable time sequence of event5 for evaluating airborne seeding in 
the Wasatch Range. It was noted that there is a relatively large area 
within the existing gauge network in the fixed target area from which 
no data are available. The length of time required for nucleation and 
fallout given in Section C. indicate that at least a two hour buffer 
period is required between the actual seeding period and a subsequent no 
seed period~ or the commencement of another test case. 
From a detailed examination of the data it was indicated that, for 
the most part, the telemetry system was not being read out in proper 
frequency for the preparation of half hourly or two hourly ratios to be 
meaningful. However, the usefulness of the half hourly interpolated 
precipitation amounts, in cases when there was a proper frequency in 
readout of the telemetry system, in association with the predicted 
area of effect from the area of effect model computations, is clearly 
demonstrated. An idiosyncrasy of the USU telemetry system is occasional 
erroneous readouts. Many of the obvious errors were del ted prior to the 
computer processing, but some managed to slip through. However, from 
a close scrutiny of the gauge reading printout and the half hourly 
interpolations, it is believed that the erroneous bits that did slip 
through have been eliminated in the final hand analyses of the four 
hour seed/no seed ratios. In cases with relatively high intensities, 
bands could be traced through the gauge network when the read-out time 
was on the order of twenty minutes. An example of this may be noted 
in Figure 12. In instances where the readout time was not sufficiently 
short, the precipitation peaks were smoothed out. An example of this 
may be noted for the first part of the first precipitation band for 
stations 1501 and 1701 in Figure 12. In many instances the intensity 
was too light to detect bursts or bands. Due to the potential useful-
ness of the interpolated half hourly precipitation amounts, the telemetry 
read-out should be on the order of twenty minutes. 
The seed/no seed ratio for the warm stable cases suggest a doubling 
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of the preci.pitation over a relatively large area in the central and 
south central portion of the target area. In the cold unstable cases, 
there is a suggestion that two areas of effect occur. One of these, 
due to the stratiform seedi ng p.rocess, is in the southeastern part of 
the target. The other area, due to the convective seeding process, 
is along the extreme west central border of the target. The ratios 
in both of these areas are in excess of 2.0. Although the results are 
not statistically significant, the corroborative support from the area 
of effect computations gives credence to the results. In coming to 
this conclusion, based as it is upon the use of the model predictions, 
we have adopted Dr. M. Tribus' (1970) philosophy expressed in a recent 
Science article where he states, in effect, that if we can make a 
detailed prediction of events to occur following seeding that is 
based upon a model which traces through all the physical mechanisms 
involved, and the prediction fits the observed effects; 1I ••• then this 
weighs more heavily in our minds than does a single statistical measure 
which merely considers the ratio of rainfall measured in gauges for 
seeded and non-seeded clouds ll • 
Our recommendation of first priority in expanding the precipitation 
network is the establishment of two gauges on the west slope of the 
range extending northward from Brigham City and somewhere between Brig-
ham City and Deweyvi 11 e, an addi ti ona 1 gauge is also recommended in 
the area to the west of this range near Bothwell. 
In the present precipitation network there is a lack of stations 
in the area to the north and northeast of Logan. Our recommendation 
of second priority is the addition of four gauges within this area. 
Suitably placed, these would provide greatly improved areal coverage 
in the fixed target area. 
Our recommendation of third priority, perhaps of more importance for 
future planning, is the expansion of the precipitation network into south-
western Wyoming so that studies could be made as to possible downwind ef-
fects from the seeding program. Although this concept is relatively new, 
it is certainly one which requires careful consideration. The necessary 
instrumentation required, however, to provide adequate areal coverage for 
studies of this type would require major expansion of the network. 
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VI RESULTS AND CONCLUSIONS 
Organized in some haste and operationally initiated with consider-
able speed, the Wasatch Atrborne Seeding Program produced a number of 
interesting and important aspects during this first year of operation. 
Primarily designed to test the effectiveness of airborne se'eding for 
the Wasatch Range, it is apparent the feasibility of such a program has 
been demonstrated. The following comments seem appropriate to the con-
clusion of this first year effort at airborne seeding in Utah. 
1. With proper liaison and public relation efforts on the 
part of operating personnel, few difficulties arise from 
airborne seeding operations in areas concerned with winter 
storms and reasonably dense commercial air traffic. 
2. Under all but heavy icing conditions, it is possible with 
reasonable safety to conduct an airborne seeding operation 
during winter weather periods in Utah while utilizing only 
standard aircraft equipped with deicing systems and normal 
IFR navigational aids. 
3. The telemetering ~ystem at Utah State University established 
a remarkable operational record during the 1969-70 season. 
It may be the most significant telemetering system over 
established in a mountain area of the United States. Cer-
tainly, the potential of this system is enormous in the 
conduct of both ground and airborne seeding for modifica-
tion of natural precipitation in the Wasatch Range of Utah. 
4. It is interesting that of the 18 seeding test cases, 11 
were flown at night. A sampling of climatological data 
provided by the UWRL suggests that approximately 47% of 
the total December-March precipitation in the Wasatch 
Range falls at night. This is an important consideration 
in the design of future airborne seeding programs. 
5. The airborne nuclei measurement portion of this program 
may have produced the highest density particulate concen-
tration profile of any yet recorded in the United States. 
It is apparent from these vertical measurements that peri-
odic fluctuations in both ice and condensation nuclei are 
so large that designs of future cloud seeding must incor-
porate such a measurement phase. 
6. Preliminary results from this first-year airborne seed-
ing operation strongly suggest that precipitation was 
significantly increased when comparisons are made between 
data from randomly chosen seeded and non-seeded periods. 
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7. A first priority consideration is the need to demon-
strate an ability for predicting with reasonable cer-
tainty where the effects from seeding might be expected 
and documented. The evaluation of WASP 1969/70 strongly 
supports the hypothesis that properly designed airborne 
seeding missions can produce pos1tive effects in pre-
dictable locations. 
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VII RECOMMENDATIONS 
The Wasatch Airborne Seeding Program has produced so many possibili-
ties for a meaningful extension of these activities, it is nearly impos-
sible to establish a priority list within the framework of possible bud-
get limitations. The recommendations listed below cover only a few of 
the more important aspects for future work. They are not necessarily 
listed in order of importance. 
1. We strongly emphasize the need to continue the ice and 
condensation nuclei measurement phase of this mission. 
Inadvertent weather modification in the Salt Lake Valley 
appears certain. The concentration of significant particu-
late matter is so high that it would seem inappropriate to 
ignore these parameters in the design and operation of 
future cloud seeding experiments in the Wasatch Range of 
Utah. 
2. There is difficulty in calculating cloud top elevations 
and subsequently assigning seeding rates based on total 
cloud depth. This is especially true in cases of multi-
ple cloud layers. If a second aircraft were made a part 
of the total program, it would be useful in providing 
information on this important parameter. 
3. Operational aircraft should be required to have dual 
strobe lights, emergency radio transmitting equipment 
and windshield deicing systems as part of the standard 
aircraft package. 
4. While the present radar location atop Little Mountain is 
especially well suited for direction of seeding aircraft, 
it is insufficient for acquisiton of radar reflectivity 
data during storm periods in the Wasatch Range. Precipi-
tation particles are small and rates are too low for mean-
ingful radar results from snowfall within the target area. 
In future years this equipment should be moved to a point 
immediately west of the Fixed Target Area. 
5. A few more recording heated snow gauges should be added 
to the network at some of the telemetering sites. A 
stronger back-up system is extremely important during 
those periods when radio links are out of service or other 
problems occur which place a number of the units in the 
inoperative category. For the 1971/72 program we recom-
mend the following sites for additional recording gauges: 
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A. Tony Grove Lake 
B. Trigara Springs 
C. Providence Traps 
D. Hardware Ranch 
E. Paradise Canyon 
F. Hyrum Dam 
G. Hell Canyon 
6. The data obtained during the 1969/70 season strongly 
support the need to continue the airborne seeding 
program for at least another two or three winter 
seasons. We strongly recommend continued emphasis 
on method for determining the area of effect as well 
as the choice and use of equipment necessary to pro-
duce this effect in predictable locations. 
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Atmos V Weather Radar System located atop Little Mountain 8 miles NNW of Ogden VOR. Radar set operates on a 
frequency of 9380 MHz and has a maximum range of 160 nautical miles. Radio communications link the radar with 
aircraft during all seeding flights. 
APPENDIX A. 
AIRCRAFT FLIGHT SUMMARY 
This aircraft flight summary includes the total 
flights logged during the Wasatch Airborne Seeding 
Program. These were accomplished with the turbocharged 
Piper Aztec "C II and initiated from the Ogden Municipal 
Airport during the 18 seeding cases. 
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APPENDIX A. 
AIRCRAFT FLIGHT SUMMARY 
Flt. Take Flt. Cum. 
No. Date Off Land Time Time Remarks 
1 12/5 1209 1618 4.1 4.1 Ferry flight - Fresno to OGO 
2 12/6 1009 1110 1.0 5.1 A/C check out 
3 12/6 1232 1326 0.9 6.0 Seed. track practice and radar 
site observation 
4 12/7 1238 1409 1.5 7.5 Seed track practice 
5 12/10 2306 0037 1.5 9.0 Op. Seeding, track C-3 
6 12/11 0845 09Q5 0.3 9.3 Area flight, SLC 
7 12/11 1006 1028 0.3 9.6 Area flight, OGD 
8 12/14 1414 1450 0.6 10.2 Seeding track practice 
9 12/19 2336 0206 2.5 12.7 Op. Seeding, track 8-3 
10 12/21 0303 0530 2.5 15.2 Op. Seeding, track C-2 
11 12/21 2102 2343 2.7 17.9 Op. Seeding, track 8-5 
12 01/09 2043 2330 2.8 20.7 Op. Seeding, track C-5 
13 01/10 1050 1307 2.3 23.0 Op. Seeding, track C-4 
14 01/14 1949 2224 2.6 25.6 Op. Seeding, track C-3 
15 01/16 1745 2026 2.7 28.3 Op. Seeding, track 8-3 
16 01/21 1217 1500 2.7 31.0 Op. Seeding, track C-3 
17 01/21 2009 2258 2.8 33.8 Op. Seeding, track C-4 
18 01/22 0809 1050 2.7 36.5 Op. Seeding, track C-3 
19 01/22 1209 1253 0.7 37.2 Seeding Case but no seeding 
accomplished -- DME inopera-
tive. 
20 01/23 1640 1715 0.6 37.8 Aircraft check-out after 100 
hr. and new DME 
21 01/27 1000 1252 2.9 40.7 Op. Seeding, track 8-3 
22 02/09 1449 1814 3.4 44.1 Air Sample Mission #1 
23 02/10 0704 1029 3.4 47.5 Air Sample Mission #2 
24 02/10 1351 1703 3.2 50.7 Air Sample Mission #3 
25 02/11 0653 1007 3.2 53.9 Air Sample Mission #4 
26 02/11 1305 1519 2.2 56.1 Air Sample Mission #5 
27 02/11 1627 1657 .5 56.6 Air Sample Mission #6 
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APPENDIX A. (Con't.) 
Flt. Take Fl t. Cum& 
No. Date Off Land Time Time Remarks 
28 02/12-13 2248 0123 2.6 59·.2 Op. Seeding, track C-4 
29 02/14 0051 0306 2.2 61.4 Op. Seeding, track C-1 
30 02/24 1006 1224 2.3 63.7 Air Sample Mission #7 
31 02/24 1432 1644 2.2 65.9 Air Sample Mission #8 
32 03/01 0946 1053 1.1 67.0 Air Sample Mission #9 
33 03/01 1423 1707 2.7 69.7 Air Sample Mission #10 
34 03/03 0942 1239 3.0 72.7 Air Sample Mission #11 
35 03/03 1434 1717 2.7 75.4 Air Sample Mission #12 
36 03/05 0806 0945 1.6 77.0 Air Sample Mission #13 
37 03/05 1328 1528 2.0 79.0 Air Sample' Mission #14 
38 03/0? 1451 1714 2.4 81.4 Op. Seeding - Track B-2 
39 03/10 0728 1022 2.9 84.3 Air Sample Mission #15 
40 03/10 1327 1603 2.6 86.9 Air Sample Mission #16 
41 03/14 1949 2218 2.5 89.4 Op. Seeding, track C-3 
42 03/16 1736 1822 .8 90.2 Testing flares -- Thiokol 
43 03/17 0253 0521 2.5 92.7 Op. Seeding, track C-3 
44 03/19 0755 1040 2.8 95.5 Air Sample Mission #17 
45 03/19 1300 1555 2.9 98.4 Air Sample Mission '18 
46 03/20 0725 1010 2.8 101.2 Air Sample Mission #19 
47 03/20 1337 1612 2.6 103.8 Air Sample Mission #20 
48 03/28 0948 1220 2.5 106.3 Op. Seeding, track C-2 
49 0;3/31 0719 0818 1.0 107.3 Air Sample - Equip. inoper. 
50 03/31 1344 1617 2.5 109.8 Air Sample Mission #21 
51 04/01 1426 1822 3.9 113.7 Ferry flight to Fresno 
52 04/02 0827 0919 0.9 114.6 Ferry flight to Fresno 
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APPENDIX B. 
SEEDING TRACK DIAGRAMS 
These figures provide information on the pre-
selected aircraft flight paths established for all 
seeding flights accomplished during the Wasatch Air-
borne Seeding Program. 
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FIGURE 15 
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C-5 
C-4 
C-3 
FAA MINIMUM ALTITUDE REQUIREMENT 
ALONG SEEDING TRACK 
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APPENDIX C. 
- METEOROLOGICAL SUMMARIES -
SEEDING TEST CASES 1-18 
These weather summaries cover the 18 Seeding 
T.est Cases during the period of operation from 
1 December 1969 through 31 March 1970. Information 
given under PIREPS includes both the Service A 
Teletype source and direct information from the AI 
pilot. Information related to the Seeding Altitude 
(SA) is shown under the headings of FORECAST FOR 
TIME BLOCK, AI PIREPS, AND LOGAN SOUNDING. 
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TEST CASE #1 110600Z - 11400Z DECEMBER 1969 
8 HOUR TIME BLOCK: 2300M - 0700M 
RANDOM SELECTION: #1 SEEDING TRACK: C-3 
METEOROLOGICAL SUMMARY 
A deep low at the surface and aloft was centered over the North Pacific 
Ocean with a high pressure ridge aloft extending from Spokane, over Boise, 
to Reno. This system remained stationary while numerous troughs aloft, 
moved from the low off-shore, around the ridge, and over the intermountain 
region. The flow aloft over Utah was generally northwesterly, cold, moist 
and quite unstable through most of this forecast period. The winds aloft 
became more westerly, with warming temperatures,as the ridge began to 
move eastward toward the end of the period. No surface charts are avail-
able for this period. No significant surface fronts were detected. 
FORECAST FOR TIME BLOCK: 8000 BRKN '- OVC 15000 msl. Wind; 280/23, 
Temp:-l20C at SA 110. 
FORECAST VERIFICATION: Surface observations reported ceilings as 
low as 2500 AGL at the beginning of the period with conditions 
improving to 4000-5000 AGL SCTD-BRKN and thin cirrus above by the 
end of the forecast period. 
PIREPS: Teletype; none available. AI Pireps; 2327M lAO ice and 
snow/ 2340M INCLR and ended seeding early/ Temp: -11.9C 
to -12.9C. 
RADAR: MKC summaries not available. AI Radar; not available for 
this case. 
LOGAN SOUNDINGS: 95-100% R.H. 850mb - 400 mb at the beginning 
of the forecast period. Wind; 270/29 at SA 110. 700 mb temp. 
-13.1C. 
REMARKS: Minor trough moved through the area more rapidly than 
expected which caased :early clearing over the target area and the 
premature termination of the aircraft seeding mission. 
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TEST CASE #2 200630Z - 201430Z DECEMBER 1969 
8 HOUR TIME BLOCK: 2330M - 0730M 
RANDOM SELECTION: #1 SEEDING TRACK: B~3 
METEOROLOGICAL SU~~ARY 
At the surface, hi.gh pressure dominated California and Nevada with the 
center over Southern California. This system, with its low pressure 
center over Montana, remained stationary while a high pressure ridge 
aloft extending from Western Montana to Northern Utah .moved eastward 
ahead of a weak upper trough during the forecast period. A west-south-
westerly flow of moist unstable ai~ continued over Northern Utah through-
out the forecast period. No significant surface fronts were detected. 
However, most stations in Southern Idaho and Northern Utah reported 
ceilings below 5000'AGL, with clearing from the west near the end of 
this period. 
FORECAST FOR TIME BLOCK: 10000' BRKN - OVC 14000'MSL. WIND: 250/20. 
Temp: -6.0C. 
FORECAST VERIFICATION: Surface observations throughout Southern Idaho 
and Northern Utah reported ceilings at 3000' - 5000' AGL and 
occasionally as 101" as 200' AGL with RW/SW and patchy fog. 
PIREPS: Teletype; none available. A. I. PIREPS: lAO and OCNLY BTWN 
LYRS/ OCNL SP/SG/ More ice on N. end of seeding path. Temp: 
-5.8C to -7.7C at SA 120. 
RADAR: MKC Summaries and A.I. Radar; not available for this case 
LOGAN SOUNDINGS: 95% R.H., or greater 870MB - 650MB near the end of 
the period. Wind: 285/32KTS at SA 120. 700MB temperature: 
-6.7C. 
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TEST CASE #3 210600Z - 211400Z DECEMBER 1969 
8 HOUR TIME BLOCK: 2300M - OlOOM 
RANDOM SELECTION: #3 SEEDING TRACK C-2 
METEOROLOGICAL SUMMARY 
A trough aloft off shore and a ridge of high pressure over the entire 
western U.S. with moist WNW flow aloft continued through this forecast 
period. Limited surface data available indicated the possibility of a 
weak surface front passing from Eastern Oregon - Western Nevada, into 
Northern Utah with a second surface front passing through the Cascade 
Range from the west near the end of this forecast period. 
FORECAST FOR TIME BLOCK: 1000' BRKN - OVC 18000' MSL. Wind: 320/20KTS. 
Temp: -5.0C at SA 120. 
FORECAST VERIFICATION: Surface observations reported ceilings at 5000' -
1000' AGl with patches as low as 3000' AGL and occasional light rain. 
PIREPS: Teletype; none available. A. I. PIREPS: 0320M VFR ONTOP/ 
0322M WDLY SCTD SC BLO/ SCTD PCPN AND THN CI ABV/ GNRL CONDTNS 
SC BRKN - OVC HI OVC ABV/ SOME LGT RIME ICG/ VRY LTL PCPN/ TEMP: 
-1.1C to -2.3C. 
RADAR: MKC summaries; None available. A.I. Radar; 0234 - 2454M. No 
PCPN in area. 
LOGAN SOUNDING: None available. 
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TEST CASE #4 220400Z - 221200Z DECEMBER 1969 
8-HOUR TIME BLOCK: 2100M - 0500M 
RANDOM SELECTION: #1 SEEDING TRACK: B-5 
METEOROLOGICAL SUMMARY 
Surface data for this case was again very limited. However, ESSA 9 at 
22559Z placed a surface front from eastern Washington in the vicinity 
of Spokane, extending southward to Reno with considerable cloud cover 
over the entire area from the Washington-Oregon coast through Northern 
Utah. Continued ridging aloft over the Pacific Northwest indicated 
this system moved northeast to Western Idaho, then southeast into 
Wyoming with the southern portion affecting Northern Utah near the 
end of this forecast period. Limited local area surface charts also 
indicated the possibility of a minor surface trough ahead of the main 
frontal system. 
FORECAST FOR TIME BLOCK: 8000' OVC 23000'MSL. Wind; 260/45K. 
Temp: -5.0C at SA 120. 
FORECAST VERIFICATION: Surface observations reported ceilings between 
2500' - 4000' AGL and occasionally as low as 1500' AGL near mid-
period, then lffting to 5000 1 - 7000 t AGL near the end of the 
period. 
PIREPS: Teletype; none available. A.I. PIREPS: Bases 83000' msl/ 
IFR with OCNL THN SPTS ABV AND BLO/ LGT-VRY LGT PCPN AND TURBC/ 
TEMp. -3.8C to -9.0C. 
RADAR: MKC summaries not available. A.I. Radar; 2025-000M AVG Bases 
8000'MSL tops 1800'msl/ wnd 260/30-42 KTS/ strong echoes/ 19t 
rain. 
LOGAN SOUNDING: 95-100% R.H. SFC-500MB near beginning of period. 
Wind; ~85/23KTS at SA 120. 700MB temperature; -6.1C. 
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TEST CASE #5 100000Z - 100BOOZ JANUARY 1970 
B-HOUR TIME BLOCK: 1700M - OlOOM 
RANDOM SELECTION: #2 SEEDING TRACK: C-5 
METEOROLOGICAL SUMMARY 
A complex surface low was centered over Southeastern B.C. and the north 
coast of California. A weak occlusion connected these centers and a 
cold surface front extended southward over Sacramento to Santa Barbara 
at OOOOZ. This surface system moved to a position from Missoula, south-
westward to Burns, then southward over Winnemucca and Tonopah to Imperial 
by the end of the forecast period. A deep trough aloft along the Pacific 
Coast with an upper ridge extending into Southern Alberta, maintained 
a moist southwesterly flow aloft but with slight warming and increasing 
winds near the end of the period. 
FORECAST FOR TIME BLOCK: 7000' OVC 17000'MSL. Wind; 270/45Kts. 
Temp; -5.0e at sA 110. 
FORECAST VERIFICATION: Surface observations reported ceilings between 
1500' - 30000AGl with occasional S-. Conditions improved to 4000' -
5000' AGL with precipitation ending near midnight. 
PIREPS: Teletype; no significant PIREPS were reported during this 
forecast period. A.I. PIREPS: T.O. 690VC 95 BASES RGD/BTWN LYRS 
VRY LGT RIME ICG/WIND 275/45 KTS/ lAD TOPS BRKN LYR OCNLY SCTD 
WITH ISOLD PCPN/WX GNRLY IMPVG AT END OF SEEDING/ TEMP: -4.2C 
to -5.BC SA 110. 
RADAR: MKC summaries indicated numerous sctd-brkn R/S. GNRL TOPS 1200' 
15000' MSL with ISOLD tops 19000· - 24000'MSL. Heaviest activity 
was reported over Western Montana and Idaho, and the California 
Sierras. A.I. RADAR: 1420M-000M AVG bases BOOO' msl tops 12000' 
msl/ 19t snow/ no cells to track for wnd drctn. 
LOGAN SOUNDINGS: Northwesterly flow of moist air aloft at the beginning 
-- of the period, becoming WSW and warming near the end of the period. 
OOOOZ; WINDS 305/1Bkts at SA 120. 700MB temp; -7.3C 
0600Z; WINDS 250/23kts at SA 120. 700MB temp; -5.7C 
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TEST CASE #6 I01800Z - 11Q200Z JANUARY 1970 
8-HOUR TIME BLOCK: 1100M - 1900M 
RANDOM SELECTION: #1 SEEDING TRACK: C-4 
METEOROLOGICAL SUMMARY 
Cold surface front moved through Utah to Colorado early in the period 
while a second front, extending from Selmon, through Gooding to Mountain 
Home AFB and westward to SE Oregon, moved into the target area near mid-
period. A closed lOw aloft centered over East Central B.C. with an 
associated upper trough extending southward to Eastern Oregon moved over 
Northern Utah near the end of the period. The flow aloft over Northern 
Utah was moist southwesterly at the beginning of the period and became 
WNW near the end of the period as the upper trough moved over Utah and 
a ridge of high pressure moved into the northern portion of the area 
from the west. 
FORECAST FOR TIME BLOCK: 100000' BRKN-OVC 13500'msl. Wind; 280/40 
Temp: -7.0C. 
FORECAST VERIFICATION: Surface observations reported ceilings at 3000' 
AGL and occasionally below 500' AGL with snow. Conditions improved 
to 5000' - 7000' AGL by the end of the period. 
PIREPS: Teletype; 1620Z SLC CLMBG NWBND TO 160 AIR SMOOTH LGT RIME 
ICE INCLDS AT FL 160 F-27/ 20 NW LGD LGT RIME ICE FL 110/ 30 NW 
OGD OVC140 1800VC/ 2025Z 35NW SLC 1450 VC CAVU ABV/ 20NE SLC 
ST OVC160 - 180 CAVU ABV AIR SMOOTH/ 1525Z 35SE BOI DSCND TO 
045 to MTN FVR. A.I. PIREPS: T.O. 70BRKC78 890VC93 98BRKN110 
HIOVC ABV/ NEG TURBC/ WND 290/40-45kts/ MOSTLY BETWN LYRS 
OCNL VRY LGT PCPN LIGHT RIME ICE/ TEMP: -6.8 to -8.9C. 
RADAR: MKC summari es i ndi cated only scattered R/S through Oregon, Idaho 
and Montana, with the heaviest activity occurring over Western 
Montana. No activity was reported over Utah during this period. 
A.I. RADAR: none available for this case. 
LOGAN SOUNDING: Northwesterly flow of cold, moist air over the Northern 
Utah area throughout the period. 
1800Z WIND: 295/23kts at SA 120. 700MB Temp: -9.1C. 
OOOOZ WIND: 290/22kts at SA 120. 700MB Temp: -8.7C. 
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TEST CASE #7 142300Z - 150700Z JANUARY 1970 
8-HOUR TIME BLOCK: 1600M - OOOOM 
RANDOM SELECTION: #2 SEEDING TRACK: C-3 
METEOROLOGICAL SUMMARY 
A surface low pressure center on the Idaho-B.C. border moved slowly 
eastward as a diffuse cold front extending from this center over Helena, 
Selmon, and Boise, then southward to Tonopah advanced into Utah through 
this period. Aloft, an upper trough of low pressure moved from the 
coast, and through Utah after the forecast period with a strong moist 
unstable southwesterly flow over the intermountain region. 
FORECAST FOR TIME BLOCK: 10000! OVC 20000'MSL. WIND: 260/35Kts. 
Temp: -5.0C at SA 110. 
FORECAST VERIFICATION: Surface observations reported ceilings 3000' -
5000' AGL with intermittent periods of 500' - 1000'AGL obscured 
in R/S throughout the forecast period. 
PIREPS: Teletype: 0324Z OVC160 C-124/0412Z IFR 19t rime ice. Moon 
dmly vsble B-737. A.I. PIREPS: T.O. 107 OVC MSTLY IFR/LIGHT -
VRY LGT PCPN VRY LTL ICE VRY LGT TURBC/ FEW THN SPOTS ABV AND 
BLO/ TEMP: -4.4C to -5.3C at SA 110. 
RADAR: MKC summaries indicated isolated - scattered R/S throughout 
northern California, Nevada, Utah, Idaho and Western Montana. 
Average tops 15000' - 17000' msl with occasional tops to 21000' 
msl.Most severe activity occurred over Northern California and 
Western Montana. A.!, Radar; 1850M - 2007M AVG BASES 8500'msl 
TOPS 16000'msl/ SML CELL W LGT PCPN/ 1012M - 2350M AVG BASES 
8000' MSL TOPS 15000'msl/ LG ECHO R CHANGING TO S. 
LOGAN SOUNDING: Not available. Salt Lake sounding indicated 95 -
100% R.H. 780MB - 400MB. Wind; 260/34 at SA 110. 700mb 
Temp: -3. 7C. 
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TEST CASE #8 162100Z - ll0500Z JANUARY 1970 
8-HOUR TIME BLOCK: 1400M - 2200M 
RANDOM SELECTION #2 SEEDING TRACK: B-3 
METEOROLOGICAL SUMMARY 
A deep surface low was centered at 420 30 l N 1410 45 1W at 1800Z. This 
center moved to 430 30 l N 1350 45 1W during the forecast period. From 
the low center offshore near Astoria a weak cold front extended from 
Redmond and Lovelock to Fresno, California at 1800Z and moved over 
Wendover and Las Vegas to Los Angeles, California, by 1300Z. A zonal 
flow of moist unstable air aloft contin'ued over the entire western U.S. 
throughout the period with weak positive vorticity advection over the 
intermountain region. 
FORECAST FOR TIME BLOCK: gOOOl brkn - ovc 16000 Lmsl. Wind: 260/35Kts. 
Temp: -l.OC at SA 120. 
FORECAST VERIFICATION: Surface observations reported ceilings over the 
entire western U.S. below 5000 t AGL with many areas reporting ceil-
ings below 1000 r AGL with R/S. 
PIREPS: Teletype: 1725Z 6 S SLC SVR TURBC FL 65 B-35/ 1825Z 10N 
SLC LGT-MDT TURBC FL 70 CB-58/ OVR OGD VORTAC LGT RIME ICE FL 130 
C-310/ 0130Z 25 NNE OGD MDT RIME ICE FL 150 - 170 B-707/ 0220Z 
20 NW OGO LGT - MDT TURBC LGT - MDT RIME ICE FL 120 pa22/ 0330Z 
20 NS OGD MDT SNW AND ICE CRYSTALS MDT ICE MDT TURBC FL 70-120 PAZT/ 
0435Z 3 N SLC VORTAC ON FINAL MDT TURBC FL 60 B-727. A.1. PIREPS: 
T.O. 859VC119 TOPS RGD HIOVC ABV/ MSTLY IFR SOME LGT S AT N 
END OF RUN WITH GNRL CLRNG AT SOUTH END/ TEMP: -5.4C to -7.6C at 
SA 120. 
RADAR: MKC summaries indi.cated SCTO-BRKN echoes over Idaho, Nevada and 
Utah throughout the period. Tops 17000 - 20000 1 msl with isold tops 
to 29000 1 msl. Heaviest concentration was over the Montana Rockies 
and the mountains of Northern California. A.I. Radar: 1625M-
2139M AVG Bases 8000 1 msl tops 150000' msl WND 250/40G50Kts/ vry 
19t echoes and 19t pcpn. 
LOGAN SOUNDING: At beginning of period indicated 98-100% R.H. from 
the surface to 550MB and 99% R.H. from 850MB - 50m~B at the end 
of the period. 
OOOOZ Wind; 255/26 at SA 120 700MB temperature; -4.1C. 
0600Z Wind; 275/29 at SA 120. 700MB temperature; -4.9C. 
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TEST CASE #9 211930Z - 220330Z JANUARY 1970 
8-HOUR TIME BLOCK: 1330M - 2030M 
RANDOM SELECTION: #1 SEEDING TRACK: C-3 
METEOROLOGICAL SUMMARY 
A weak occluded front extending from Northern Idaho to Baker, then a 
cold surface front from Baker, over Redbluff and southwestward into 
the Pacific at the beginning of the period. This system continued to 
weaken as it moved eastward to central Idaho near the end of the fore-
cast period. A weak surface high remained stationary over Southern 
Utah throughout the period. A ridge of high pressure aloft, extending 
from Southern B.C. to Northern Utah, continued to develop over the 
area, with moist WSW flow aloft over Northern Utah. The baroclinic 
vorticity indicated neutral vorticity advection over Northern Utah 
throughout the entire period. 
FORECAST FOR TIME BLOCK: 10000' OVC 18000'msl. Wind; 270/24 - 27 
Temp: -6.0C at SA 120. 
FORECAST VERIFICATION: Surface observations reported ceilings over 
extreme Northern Utah and Idaho 1500 1 ~ 3000' AGL Brkn - OVC 
through the forecast period, with ceilings lower north and higher 
south. Most stations reported intermittent R-/S- with the heavi-
est activity in the vicinity of the surface front. 
PIREPS: Teletype; n 2225Z 30 NW BYI HVY ICG FL110 PZAT/ 2125Z OVR 
SLC LGT RIME ICG FL120 C-320/ 1925Z 20W OGD LGT-MDT CLR ICG/ 30 
W OGD TRACE CLR ICG FL120 C-54/ 1925Z OGO - PIH R- to R VSBY 5 -
8. Temp: 40F. LGT-MDT TURBC FL60 C-210. A.I. PIREPS: T.O. 
75 OVC SNOW/ IFR CONT . VRY LGT - LGT PCPN IC SOME LGT RIME ICG 
NEG TURBC/ TEMP: -2.0C to -S.7C at SA 120. 
RADAR: MKC summaries indicated SCTD - BRKN R/S ENTIRE AREA/TOPS GNRLY 
15000' - 18000'MSL/ BRKN - OVC R/S VCNTY FRNT/ TOPS OCNLY 19000' -
21000'MSL. A.I. RADAR: 1200M - 2330M AVG BASES 8500 ' MSL TOPS 
16500'MSL/ WND 270/20 LGT PCPN ECHOES SLOW MOVG/LGT R ECHOES HARD 
TO TRACK. . 
LOGAN SOUNDING: 95 - 100% R.H. 850MB - 500MB near end of period. Wind: 
300/36 at SA 120. 700MB Temp: -1.5C. 
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TEST CASE #10 220330Z - 221130Z JANUARY 1970 
8-HOUR TIME BLOCK: 2030M - 0430M 
RANDOM SELECTION: #1 SEEDING TRACK: C-4 
METEOROLOGICAL SUMMARY 
The surface high continued over Southern Utah throughout this forecast 
period. A weak cold front, extending from Northwestern Montana over 
Dillon, Gooding, Elko, Reno, Redbluff and westward into the Pacific 
at 1300Z, moved to Evanston, over Ogden to Ely at 0900Z and became quasi-
stationary. A second high center formed in the vicinity of Baker and 
moved slowly SE behind the front. A slight ridging aloft began to build 
over the area, but westerly flow of moist air aloft continued over 
Northern Utah with increasing positive vorticity advection over the 
area throughout the period. 
FORECAST FOR TIME BLOCK: 8000 1 OVC 18000 1 MSL. Wind; 270/25. 
Temp: -5.0C at SA 120. 
FORECAST VERIFICATION: Surface observations reported ceilings over 
Northern Utah and Nevada at 2000 1 - 5000 1 AGL throughout the 
period with occasional ceilings as low as 500 1 AGL. Most extremely 
low ceilings occurred on, or near, western slopes of mountain 
ranges. 
PIREPS: Teletype; none available. A.I. PIREPS: T.O. 87 OVC LGT RIME 
ICG NEG TURBC/ TEMP: -2.8C to -3.6C at SA 120. 
RADAR: MKC summaries indicated SCTD - BRKN ocnly ovc R/S throughout 
the Pacific Northwest for the entire period/ GNRL tops 13000 1 -
19000 1 msl with ocnl tops to 24000 1msl/ heaviest activity occurred 
over Western Montana, Northern California and Nevada/ activity 
decreased during the second half of the forecast period. A.I. 
RADAR: 1200M - 2300M AVG bases 8500 l msl tops 16500 1msl/ wnd 270/ 
20/ 19t pcpn echoes slow movg/ 19t rain echoes hard to track. 
LOGAN SOUNDINGS: 95 - 100% R.H. 800 MB - 400MB. Wind: 280/27 at 
SA 120. 700MB Temp: -3.5C. 
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TEST CASE #11 221130Z - 221930Z JANUARY 1970 
8-HOUR TIME BLOCK: 0430M - 1230M 
RANDOM SELECTION: #2 SEEDING TRACK: C-3 
METEOROLOGICAL SUMMARY 
The frontal system remained quasi-stationary over Southern Idaho and 
Northern Utah between the stationary surface high over Southern Utah 
and the slow moving high pressure center over Eastern Oregon. The 
high pressure ridge aloft continued to build over the Pacific North-
west, but retrograded slightly westward over Washington and Oregon 
during this forecast period. The westerly flow of moist air aloft 
continued over the entire Western U.S. with positive vorticity advec-
tion over the intermountain region. 
FORECAST FOR TIME BLOCK: 7000 1 OVC 110001msl. Wind; 280/30 
Temp: -5.0C at SA 130. 
FORECAST VERIFICATION: Surface observations reported ceilings along 
the frontal zone at 2000' - 4000 l AGL with patches below 1000 1 
AGL mostly in the vicinity of the mountains of Southern Idaho 
and extreme northern Utah. 
PIREPS: Teletype; 1435Z 30 NE SLC 19t rime ice FL200 B-720/1525Z 
50 NE PVU LGT rime ICG FL140 CV-580/ SLC - aGO trace 19t rime 
icg fm SLC to FL160 F-27/1725Z 30 N OGD MDT-HVY ice losing power 
FL130 - 110 shaking ice at FLI00 PAZT. A~I. PIREPS: T.O. 72 
OVC 120 125 SCTD RW S -WI IFR ALL OF FLT/CONTINUOUS ICG AND IP/ 
LGT-MDT RIME ICG led to break in seeding for 18 mins to DCND AND 
DE-ICE ACFT/ Temp: -4.6C to -6.0C at SA 130. 
RADAR: MKC summaries indicated SCTD - BRKN R/S throughout northwestern 
U.S./ tops 12000 1 - 14000 l ms1 with isolated tops to 24000 1ms1/ 
heaviest activity on line from northern Utah to Northern Calif-
ornia. A.I. RADAR: 0730M - 1330M AVG BASES 7500 1 MSL TOPS 
18000 1MSL/ Wind 270/35/ tops dcndg frm 24000 1msl/ 19t rain 
echoes thinning out sky clearing. 
LOGAN SOUNDINGS: 98 - 100% R.H. 850 MB - 450 MB with slight decrease 
in wind speed during this forecast period. 
1200Z Wind; 270/29 at SA 120. 700MB temperature; -2.5C 
1800Z Wind; 270/21 at SA 120. 700MB temperature; -2.5C 
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TEST CASE #12 271730Z - 2B0130Z JANUARY 1970 
B-HOUR TIME BLOCK: 1030M - 1B30M 
RANDOM SELECTION: #1 SEEDING TRACK: B-3 
METEOROLOGICAL SUMMARY 
A strong high pressure ridge at the surface and aloft moved from the 
California coast slowly eastward during this period. A widespread 
low pressure area at the surface extended over Montana and the Dakotas 
with a center over Northeastern Montana. A cold surface front extended 
from the Montana low southwestward over Idaho Falls and Elko to Bakers-
field, California, at the beginning of this period and moved southeast-
ward at 30kts through Malad at 2000Z and Salt Lake at 2300Z. The flow 
aloft over Northern Utah was moist westerly at beginning of the period, 
becoming northwesterly near the end of the period with weak positive 
vorticity advection throughout the period. 
FORECAST FOR TIME BLOCK: 9000' brkn IBOOO'msl. Wind; 250/25. 
Temp: -7.0C at SA 110. 
FORECAST VERIFICATION: Surface observations reported ceilings as low 
as 2000' - 5000' AGL anead of the front with occasional ceilings 
as low as 100 1 AGL in R/S in the vicinity of the front. Ceilings 
raised gradually after frontal passage. Surface winds were south 
becoming west-northwesterly after frontal passage. 
PIREPS: Teletype; 1630Z 50W PIH Lgt - MDT turbc trace ice. Temp: 
-11C FL 130 F-27/ 1725Z leg - MDT turbc all the way BOI-OGD bases 
1000 VC/60 NW OGO-OGD LGT RIME ICE FL 100 - 120 PA-31i 20S0Z OVR 
SLC TOPS 340/ 2351Z 10 E HIF HVY ICG FL 130 T-39. A.I. PIREPS: 
T.O. Los Scud BOBRKN 90 1100VC U PCPN 72 - 110/ mostly IFR OCNLY 
lAO TOPS/ Some 19t pcpn first hr 19t rime icg ocnl 19t turbc/ 
Temp: -4.BC to -B.6C at SA 110. 
RADAR: MKC .summaries indicated sctd R/S throughout Idaho, Nevada and 
Utah through the period/ heaviest activity vcnty front on line 
NE - SW through Northern Utah/ no tops reported/ movement south-
erly. A.I. RADAR: 101M - 1900M avg bases BOOOlmsl tops 20000' 
msl/ wnd 240/35/ hi winds from Wand shftg to NW/ area covered 
with 19t pcpn echoes and snow. 
LOGAN SOUNDINGS: 95-100% R.H. B50MB - 450MB 1BOOZ wind; 2BO/ 29 at 
SA 120. 700 MB temperature; -6.1C. OOOOZ wind; 300/34 at 
SA 120. 700MB Temperature: -11.9C. 
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TEST CASE #13 130600Z - 131400Z FEBRUARY 1970 
B-HOUR TIME BLOCK: 230m1 - 0700M 
RANDOM SELECTION #i SEEDING TRACK: C-4 
METEOROLOGICAL SUMMARY 
A deep surface low extending from coastal Washington over Idaho to North-
ern Utah with the center over Northern Utah at 0600Z, moved SE into Wyom-
ing and Southeastern Utah through this period. A cold surface front extend-
ing from the Utah low over Salt Lake, Brice Canyon to Price, moved with 
the low to a line from Grand Junction and over Winslow to Phoenix by the 
end of the period. A closed low aloft off the coast of Northern Oregon, 
with an upper ridge extending from Southeastern B.C. over the Colorado 
Rockies, remained stationary through the period with moist southwest-
northwesterly flow of unstable air over Idaho and Northern Utah. A 
strong positive vorticity advection was also indicated during this period. 
FORECAST FOR TIME BLOCK: 7000' OVC 1BOOO'msl. Wind; 245/31, 
Temp: -5.0 at SA 110. 
FORECAST VERIFICATION: Surface observations reported ceilings 3000' -
5000' AGL with RW- over Northern Utah during the first half of 
this period then lowering to 700' - 1200' AGL with R-F. Surface 
winds 1BO/10 at the beginning of the period becoming light and 
variable during the second half of the period. 
PIREPS: Teletype; 0540Z 35 SW MLD - LGT CHOP INCLDS FL 120 C-54/ 
0625Z 60 NW SLC VRY LGT TURBC MDT RAIN AND ICG FL 160 F-27/ 0725Z 
25 N OGD MDT TURBC HVY SNOW SHOWERS FL 110 PAZT/ 0636Z NRN UT 
OVC320 B-707. A.I. PIREPS: T.O. RW AND IP TO 70/ 650VC U/ LGT 
RIME ICG HVY PCPN GOING N/ LGT MDT TURBC MOSTLY WITH PERIODS OF 
CLRNG/ MDT - HVY SNOW 1st HR GRDLY DCRG THEN HVYR AT END OF PERIOD/ 
TEMP: -4.BC to -6.3C. 
RADAR: MKC summaries indicated isoltd R/S nrn UTI HVYR ACTIVITY NRN 
California and WRN Montana/ most activity occurred early in FCST 
PO diminishing throughout the period/ OCNL tops to 26000' MSL. 
A.I. RADAR: 2310M - OBOOM AVG bases 1500 msl tops 7000 msl wind 
340/40 pcn echoes moving S/ high winds/ wind at ground level 
010/30. 
LOGAN SOUNDING: 96 - 100% R.H. B50MB - 400MB at beginning of period. 
Wind: 315/22 at SA 110. 700MB temp: -4.9C. 
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TEST CASE #14 140800Z - 141600Z FEBRUARY 1970 
8-HOUR TIME BLOCK: 0100M - 0900M 
RANDOM SELECTION: #1 SEEDING TRACK: C-l 
METEOROLOGICAL SUMMARY 
A surface high was centered off the coast of Southern California with 
a high pressure ridge at the surface and aloft over Western Washington, 
Oregon and the Pacific. Occasional very weak minor troughs aloft rode 
over this ridge and into the intermountain region through this period. 
The flow aloft was generally cold, dry, north-northwesterly with little 
or no low level activity occurring over the intermountain region except 
the extreme western portion of Montana and the southern mountains of 
Utah. Vorticity advection over Northern Utah during this period was 
neutral or slightly negative. 
FORECAST FOR TIME BLOCK: 11000· brkn 14500·msl. ~ind: 270/10 
Temp: -4.0C. 
FORECAST VERIFICATION: Surface observations reported 4000· - 6000· 
AGL scattered - broken visby unrestricted/ winds E becoming S 
at less than 10 kts. 
PIREPS: Teletype; 1425Z ovr SLC Bases 115 Tops 130. A.I. PIREPS: 
GNRL CLR/ some wdly sctd as/ vry 19t rime icg neg pepn/ temp: 
-10.4C to -14.0C at SA 120. 
RADAR: MKC - A.I. No significant echoes. 
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TEST #15 081800Z - 090200Z MARCH 1970 
8-HOUR TIME BLOCK: 1100M - 1900M 
RANDOM SELECTION: #2 SEEDING TRACK B-2 
METEOROLOGICAL SUMMARY 
A stationary surface high was centered over B.C. and Washington. A 
low pressure center over So. Idaho and No. Utah and its associated 
cold front extending over the seeding area and Austin to Stockton, 
California, at 1800Z, moved slowly southeastward through the target 
area to Rock Springs, over Delta and Blyth, California, at OOOOZ. A 
low pressure trough aloft from Northwestern Montana, over Boise to 
Reno, also moved slowly southeastward with a south-southwesterly flow 
of moist, unstable air and strong positive vorticity advection over 
Northern Utah through the forecast period. 
FORECAST FOR TIME BLOCK: 8000' OVC 20000'msl. Wind; 250/20. 
Temperature: -5.0C at SA 110. 
FORECAST VERIFICATION: Surface observations reported ceilings at 
2000' - 4000' AGL over Southern Idaho and Northern Utah with 
extensive areas as low as 800 1 AGL with R/S in the vicinity of 
the front. Winds south of front S 10 kts becoming N - NW 10 -
15 kts north of the front. 
PIREPS: Teletype; 1835Z BYI-15 W BYI MDT ICG DL 100 BE-35/ 1920Z 
SLC-ELY tract 19t rime ice FL 170 CV-58/ 0025Z MLD-OGD 19t rime 
ice and turbc FL 110 PA-23/ 0125Z vcnty Brigham City WX grtly 
imprvg 600VC vsby 20-30. A.I. PIREPS: Ocnly btwn lyrs but 
mostly IFR/ multi lyrd clds neg pcpn/ some 19t clr icg and 
ocnl turbc/ clds thkng at end of flt/ Temp: -5.4C to -7.1C 
at SA 110. RMKS. Frntl PSG""about 1700M. 
RADAR: MKC summaries indicated sctd-brkn R/S ovr NW Montana, W 
Wyoming, N Utah and NE Nevada throughout the period. The 
heaviest activity occurred over Northwestern Montana and in 
the vicinity of the front over Wyoming, Utah and Nevada/ Tops 
15000' - 18000'MSL/ OCNL tops to 24000'MSL over Montana. 
A.I. RADAR: None available. 
LOGAN SOUNDING: 96 - 100% R.H. ABV 700MB. Wind: 220/20 at SA 
120. 700MB Temperature: -4.9C. 
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TEST CASE #16 150300Z - 151100Z MARCH 1970 
8-HOUR TIME BLOCK: 2000M - 0400M 
RANDOM SELECTION: #1 SEEDING TRACK: C-2 
r~ETEOROLOGICAL SUMMARY 
During this forecast period there were two high pressure systems. One 
at the surface and aloft, with the center at 350 N 1350W and the second, 
centered over the northern border of North Dakota. Both systems remained 
stationary throughout the period. A surface front oriented NW-SE through 
Central Montana into Northeastern Wyoming also remained stationary through-
out this period. An occlusion extending from Northwestern Montana over 
Dilon and Twin Falls to a surface low center near Battle Mountain then 
a cold surface front SW over Tonopah and Bakersfield to Vandenberg AFB 
at OOOOZ, moved eastward as the low filled. The frontal system moved 
to a position from Northwestern Wyoming over Delta and Las Vegas to 
Los Angeles by 0600Z, and to extreme Southeastern Utah by the end of 
the period. A trough of low pressure aloft moved from Northeastern 
Washington - Eastern Oregon - Western Nevada at OOOOZ eastward at 30kts 
with moist unstable SW flow aloft over Northern Utah gradually shifting 
to NW during the forecast period. There was marked drying behind the 
trough. A strong positive vorticity advection continued over the area 
through 1200Z. 
FORECAST FOR TIME BLOCK: 6000 1 OVC 30000 1msl. Wind: 260/2okts. 
Temperature; -6.0C at SA 120. 
FORECAST VERIFICATION: Surface observations reported ceilings 3000 1 -
5000' AGL brkn - OVC with R/S and numerous ceilings 500 1 - 1000 1 
AGL with RW/SW in the vicinity of the front over Southern Idaho 
and extreme northern Utah. Some thunderstorm activity also reported. 
PIREPS: Teletype; 0420Z OGD -MLD Lgt Turbc, Lgt - MDT rime ice FL 
120 PAZT/ 0430Z dptg SLC ebdn 19t - MDT turbc on clmb to FL 120 
180 B-720. A.I. PIREPS: IFR FLT/ Continuous bnds of 19t - MDT 
pcpn 19t - MDT rime icg some 19t turbc/ Temp: -6.0C to -7.3C. 
RADAR: MKC summaries indicated sctd - brkn R/S/ TRW throughout north-
ern Utah during the period. Heaviest concentration of echoes 
occurred along the W.asatch Range/ no tops were reported. A.1. 
RADAR: None available for this period. 
LOGAN SOUNDING: 95-98% R.H. 850MB - 400MB. Wind: 295/15 at SA 120. 
700MB temperature; -6.5C. 
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TEST CASE #17 170600Z - 171400Z r~ARCH 1970 
8-HOUR TIME BLOCK: 2300M - 0700M 
RANDOM SELECTION: #2 SEEDING TRACK: C-3 
METEOROLOGICAL SUMMARY 
A surface high pressure center off the Northern California and Oregon 
Coast, moved slowly NE to Western Washington during the forecast period. 
A surface low was centered over East Central Saskatchewan with a cold 
occluded front extending southward to Glasgow, Montana, then a cold 
surface front SW over Jackson, Malad and Wendover to San Francisco at 
0600Z. This front moved southeastward at 25kts to Evanston, over Ely 
and Tonopah by 0900Z and to extreme NE Utah over Milford to Southern 
Nevada by 1200Z. A low pressure center was noted over West Central 
Alberta at 0600Z with an upper trough extending southward over Eastern 
Oregon to Central Nevada. This trough moved eastward to Eastern 
Alberta, Western Montana over Northwestern Utah by 1200Z with SW flow 
of cold, moist, unstable air, and weak positive vorticity advection 
over Northern Utah at the beginning of the period, becoming WMW with 
increasing positive vorticity advection by end of forecast period. 
FORECAST FOR TIME BLOCK: 7000 1 OVC 19000 1msl. Wind; 280/25kts. 
Temp: -11.0C at SA 110. 
FORECAST VERIFICATION: Surface observations reported ceilings below 
3000 1 AGL with R/S in the vicinity of the front over Southern 
Idaho and occasional ceilings as low as 500 1 - 1000' AGL 
gradua lly movi ng into Northern Utah duri ng the forecas t peri od. 
Some clearing occurred from the NW after frontal passage but 
occasional showers continued to lower ceilings below 1000' AGL 
behind the front. Most low ceilings after frontal passage were 
restricted to the western slopes of the mountains. PIREPS: 
Teletype; none available. A.I. PIREPS: lAO ocnl 19t rim icg 
19t turbc/ temp: -10.9C to -15.6C. 
RADAR: MKC summaries indicated SCTD - brkn area R/S western Montana 
through the period with a very narrow band of R/S in the vicinity 
of the front over SE Wyoming, Northern Utah and Northern Nevada. 
No echoes were reported over California. A.I. Radar: Bases 
6500'msl tops 10000'01sl. Two sml echoes S/ no movement. 
LOGAN SOUNDING: 95 - 98% R.H. from 700MB - 400MB. Wind; 240/32 
at SA 120. 700MB temperature; -6.1C. 
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TEST CASE #18 281700Z - 290100Z MARCH 1970 
8-HOUR TIME BLOCK: 1000M - 1800M 
RANDOM SELECTION: #1 SEEDING TRACK: C-2 
METEOROLOGICAL SUMMARY 
At the surface and aloft, high pressure remained well offshore during 
this forecast period with a large area of low pressure over Montana, 
Eastern Idaho, Northern Utah and Wyoming. A stationary surface front 
extended through Northeastern Montana to Southwestern South Dakota. 
A surface trough of low pressure extending from Western Montana over 
Southern Idaho and Northwestern Utah to Southern Nevada moved very 
slowly southward, but remained over the seeding area throughout the 
forecast period, as a short wave trough aloft moved from Southern B.C. 
southward through Northern Utah. Westerly flow of moist unstable air 
aloft continued over Northern Utah throughout the period with strong 
positive vorticity advection. 
FORECAST FOR TIME BLOCK: 7000' BRKN - OVC l2000'msl. Wind; 300/15 
at SA 120. Temp: -lO.OC. 
FORECAST VERIFICATION: Surface observations reported ceilings 1500" 
3000' AGL with R/S and patches below 1000' AGL in the vicinity 
of the trough over Southeastern" 'Idaho . Low cei 1 i ngs increased 
from the northwest during the period with very little weather 
reported along the southern portion of the trough. 
PIREPS: Teletype 2325Z OVR MLD bases 60/ Tops 120 btwn lyrs at FL 
125 TCU W-NW-N. A.I. PIREPS: T.O. IFR Vry 19t rime ice/ vry 
19t frzg pcpn/ ocnl sml brks/ Temp: -11.0C to -8.DC at SA 110. 
RADAR: MKC summaries indicated isold sctd - brkn R/S throughout Montana, 
Idaho, Southwestern Wyoming, Northern Utah and Northern Nevada. 
Tops 18000' - 23000' msl incrg to 26000'msl near end of period. 
A.I. Radar; Bases 8000' - 10000' msl tops 17000' - 18000' msl/ 
Sctd 19t echoes vry thn 19t echoes alqds. 
LOGAN SOUNDINGS: 95 - 100% R.H. 865MB - 617MB. Wind; 295/29 at 
sA 120. 700MB temperature; -9.3C. 
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APPENDIX D. 
SILVER ANALYSIS OF SNOW SAMPLES 
The results of the snow sample silver analyses 
are shown in this section. The figures are given in 
grams per milliliter. The work was accomplished with 
the Perkin-Elmer Atomic Absorption Spectrophotometer 
at the Utah Water Research Laboratory in Logan, Utah. 
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APPENDIX D. 
( ml -1) SILVER CONTENT IN SNOW SAMPLES gms. 
- 1970 Season -
1-5-70 1-12-70 1-19-70 
13A. 1.6xlO- 11 18. 2.7xlO- ll 1. 2x10- 11 
14A. 3.9xlO- 11 19. 2.2xlO- ll 2. 1x10- 12 
1-11-70 20. 
2x10- 12 1-20-70 
1. 4.5x10- 11 21. 
1.3xlO-11 13A. 1xlO- 12 
2. 7.9xlO- 11 22. 
2xlO- 12 14A. <10- 12 
3. 1xlO- 11 23. 
3.2xlO- 12 
1-23-70 
4. 2xlO- 11 24. 
1xlO- 1O 
7.9xlO- 12 
1. 6x10- 11 
4. 
5. 8.3x10- 11 25. lxlO- ll 30. 
6. 4.5xlO- 11 1-15-70 31. 3.2x10- 11 
.. 7 . 1.6x10- 11 4. 3.2xlO- 11 1-24-70 
8. 2.5xlO- 11 5. 9.5x10- 11 14A. 3.2xlO- 11 
9. 1.4xlO- 11 6 7.9x10- 11 15. 2.8x10- 11 
10. 2.2xlO- 11 13A. 6.3xlO- 12 
1x10- 12 5.6xlO- 11 
h26-70 
11. 14A. 
7.1xlO- 11 
3.2x10- 12 
13. 
12. 1-16-70 6.3x10- 12 
1.2xlO- 12 
13A. 
13. 1. 1. 5xlO- ll 1.6xlO- ll 
5.6xlO- 12 
14. 
14. 2. 2.2xlO- 12 
15. 1.2xlO- 11 4.5x10- 12 
1-28-70 
3. 
16. 8.9x10- 11 <10- 12 
1. lxlO- lO 
13. 
2.6xlO- 11 17. <10- 12 1. 3xlO- ll 
2. 
14. 3. 6.1xlO- 11 
15. 1.2x10- 11 7. 1xlO- 1O 
19. 1.2xlO- 12 8. 1.2xlO- 1O 
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APPENDIX D. (Conttd.) 
1-28-70 2-2-70 2-15-70 
9. 7.2x10- 11 15. <10- 12 21. 7.1x10-11 
10. 5.1x10- 11 16. 1.5xlO-11 22. 2.2xlO-
11 
11. 2xlO- 11 23. 
1.2xlO-11 
2-3-70 
12. 7.9xlO- 11 1.1x10- 11 
25. 6.3x10- 11 
1. 
13. 1. 6xlO- 11 2. 2xlO- 11 2-16-70 
14. 2.2x10- 11 3. 4x10- 11 13A. 3.5xlO-
11 
15. 1.8xlO- 11 17. 1.6xlO- 11 14A. 8.9xlO-
11 
16. 5.1xlO- 11 26. < 10-12 
4.4x10- 11 
2-10-70 
5.6)(10- 11 20. 27. 
21. 7.2xlO- 11 
Providence 12 
Lake 4x10- 28. 1.8xlO- 11 
22. 1. 3xlO- 1O 2-14-70 29. 2.9x10- 11 
23. 1xlO- 1O 7. 1.2xlO-12 30. 5x10- 11 
1-29-70 8. 
( 10-12 31. 8.5xlO- 11 
13A. 1.3x10- 12 9. 5xlO-
12 2-18-70 
14A. 1.6xlO- 11 10. 1.2x10-
12 13. 3.5xlO-11 
30. 5x10- 1O 11. 2.5xlO-
11 14. 4x10- 11 
31. 1.3xlO- 11 12. 1.7xlO-
12 29. 3.5xlO-11 
13. 1. 5xlO- 11 30. 4x10- 12 
1-30-70 
<10- 12 
6.3x10- 12 
14. 2-19-70 5. 
1.2x10-12 
3.2x10- 12 
15. 5. 6.3x10- 11 6. 
16. 2.8x10- 11 6. 4x10- 11 
2-2-70 17. <10- 12 3-2-70 
13. 2.1x10- 11 19. 7.lxlO- 12 5xlO- 12 14. 1.5x10- 12 30. 
20. -(10- 12 31. 3.2x10-11 
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APPENDIX D. (Conttd.) 
3-5-70 3-17-70 3-29-70 
4. 1.6x10-11 13. 1.6x10-11 20. 5.2x10- 12 
19. 1.3x1O-1O 14. 3.2xlO-ll 21. 1.8x1O-12 
20. 5.5x1O-12 15. 8.2x10-11 22. 7x1O-12 
3-10-70 16. 2.6x10-
11 23. 5.8x10- 12 
13. 2.8x10- 11 17. 2.6x10-
11 
3-30-70 
14. 1.1x1O-1O 18. 2.3x10-
11 
3. 9.9x1O-12 
19. 2.4x10- 11 4. 6.7x10- 11 3-16-70 
1.3x1O-10 
20. 3.2x10-11 7. 1.1x1O-ll 13. 
4.5x10- 11 
21. 6x1O-ll 11. 2x1O-ll 13A. 
, 4x10- 11 22. 
7.1x10- 11 13. 2.5x1O-ll 14. 
4.9x10- 11 
24. 7.9x10-12 14. 1.8x10- 11 14A . 
.. 7.1x10- 12 
7.1x1O-11 
25. 15. 3.2x10- 11 15. 
30. 2.6x10- 11 16. 2.5x10- 11 
3-17-70 31. 1.1x10-12 
I. 2.5x1O-ll 3-31-70 
2. 2.9x1O-ll 
3-18-70 13A. 3.6x1O-ll 
6.4x1O-12 
13A. 8.1x1O-ll 14A. 3.5x10- 11 3. 
2.9x1O-ll 
14A. 6. 3x1O-ll 
7. 
8. 6.8x1O-ll 3-22-70 
9. 2.4x10-11 5. 2.5x1O-ll 
10. 3.2x10-11 6. 7.9x10- 11 
II. 1.8x10-12 3-23-70 
12. 5.6x1O-ll 13. 5.6xlO- 11 
13. 1.6x10-11 14. 8.9x10·11 
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APPENDIX E. 
HOURLY PRECIPITATION TOTALS 
SEEDING AND NON-SEEDING TIME BLOCKS 
This is a tabulation of hourly precipitation 
amounts from the heated snow gauges at Klondike Nar-
rows and Logan Sinks. They are separated by seeded 
and non-seeded periods for each of the 18 Seeding 
Test Cases. 
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APPENDIX E. 
HOURLY PRECIPITATION TOTALS 
TEST CASE #1 
Gauge Seeded Non-Seeded 
1 2 3 4 Total 5 6 7 8 Total 
Klondike Narrows No Data No Data 
Sinks No Data No Data 
TEST CASE #2 
Gauge Seeded Non-Seeded 
1 2 3 4 Total 5 6 7 8 Total 
Klondike Narrows .02 .03 .00 .,03 .08 .00 .00 .00 .00 .00 
Sinks No Data No Data 
TEST CASE #3 
Gauge Seeded Non-Seeded 
5 6 7 8 Total 1 2 3 4 Total 
Klondike Narrows .00 .00 .00 .00 .00 .01 .02 .02 .00 .05 
Sinks No Data No Data 
TEST CASE #4 
Gauge Seeded Non-Seeded 
1 2 3 4 Total 5 6 7 8 Total 
Klondike Narrows .18 .10 .07 .15 .50 .05 .03 .01 .00 .09 
Si nks No Data No Data 
TEST CASE #5 
Gauge Seeded Non-Seeded 
1 2 3 4 Total 5 6 7 8 Total 
Klondike Narrows .01 .00 .01 .00 .02 .00 .00 .. 00 .00 .00 
Sinks .02 .02 .01 .00 .05 .00 .00 .00 .00 .00 
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APPENDIX E. (Cant I d. ) 
TEST CASE #6 
Gauge Seeded Non-Seeded 
1 2 3 4 Total 5 6 7 8 Total 
Klondike Narrows .00 .01 .00 .00 .01 .00 .00 .01 .01 .02 
Sinks .03 .03 .02 .02 .10 .02 .03 .04 .06 .15 
TEST CASE #7 
Gauge Seeded Non-Seeded 
5 6 i 8 Total 1 2 3 4 Total 
Klondike Narrows .02 .04 .04 .03 .13 .00 .00 .01 .00 . \!,-\~ .01 
Sinks .05 .06 .07 .07 .25 .00 .00 .00 .02 .02 
TEST CASE #8 
Gauge Seeded Non-Seeded 
5 6 7 8 Total. 1 2 3 4 Total 
Klondike Narrows .01 .02 .09 .07 .19 .03 .01 .10 .06 .20 
.. 
Sinks .06 .07 . 04 .11 .28 .09 .04 .10 .08 .31 
TEST CASE #9 
Gauge Seeded Non-Seeded 
1 2 3 4 Total 5 6 7 8 Total 
Klondike Narrows .01 .04 .06 .04 .15 .01 .05 .06 .02 .14 
Sinks .02 .04 .06 .05 .17 .02 .01 .04 .05 .12 
TEST CASE #10 
Gauge Seeded Non-Seeded 
1 .2 3 4 Total 5 6 7 8 Total 
Klondike Narrows .06 .08 .06 .07 .27 .11 .06 .08 .05 .30 
Sinks .06 .06 .06 .13 .31 .11 .09 .06 .06 .32 
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TEST CASE #11 
Gauge Seeded Non-Seeded 
5 6 7 8 Total 1 2 3 4 Total 
Klondike Narrows .09 .05 .05 .05 .24 .10 .11 .05 .05 .31 
.. Sinks .05 .04 .04 .01 .14 .13 .11 .11 .06 .41 
TEST CASE #12 
Gauge Seeded Non-Seeded 
1 2 3 4 Total 5 6 7 8 Total 
Klondike Narrows .08 .16 .13 .09 .46 .04 .11 .06 .01 .22 
Sinks .04 .10 .12 .10 .36 .08 .09 .06 .02 .25 
TEST CASE #13 
Gauge Seeded Non:.:Seeded 
1 2 3 4 Total 5 6 7 8 Total 
Klondike Narrows .02 .14 .14 .12 .42 .06 .00 .00 .00 .06 
• 
Sinks .01 .05 .05 .03 .14 .01 .00 .00 .00 .01 
TEST CASE #14 
Gauge Seeded Non-Seeded 
1 2 3 4 Total 5 6 7 8 Total 
Klondike Narrows .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
Sinks .00 .00 .00 .00 .00 .00 .000 .00 .00 .00 
TEST CASE #15 
Gauge Seeded Non-Seeded 
5 6 7 8 Total 1 2 3 4 Total 
Klondike Narrows .07 .04 .01 .02 .14 .00 .00 .00 .05 .05 
• 
Sinks No Data No Data 
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TEST "cASE #16 
Gauge Seeded Non-Seeded 
1 2 3 4 Total 5 6 7 8 Total 
Klondike Narrows .05 .16 .12 .04 .37 .00 .00 .00 .00 .00 
Sinks No Data No Data 
TEST CASE #17 
Gauge Seeded Non-Seeded 
5 6 7 8 Total 1 2 3 4 Total 
Klondike Narrows .09 .01 .01 .01 .12 .00 .02 .10 .10 .22 
Sinks .08 .02 .01 .02 .13 .00 .05 .02 .06 .13 
TEST CASE #18 
Gauge Seeded Non-Seeded 
1 2 3 4 Total 5 6 7 8 Total 
Klondike Narrows .00 .00 .01 .00 .01 .00 .00 .00 .00 .00 
• Sinks .01 .00 .02 .01 .04 .00 .00 .00 . 00 .00 
TOTAL P"RECIPITATION 
Gauge Seeded Non-Seeded 
Klondike Narrows .71 .88 .80 .72 3.11 .41 .41 .50 .35 1.67 
Sinks .43 .49 .50 .55 1.97 .46 .42 .43 .41 1.72 
TOTALS 1.14 1.37 1.30 1.27 5.08 .87 .83 .93 .76 3.39 
• 
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APPENDIX F. 
RADAR CHARACTERISTICS 
This table summarizes the general physical and 
electrical characteristics of the Atmos IV Weather 
Radar System. The system was installed and operated 
atop Little Mountain as part of the Wasatch Airborne 
Seeding Program . 
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Atmospherics Incorporated 
4981 East Dakota 
Fresno, California 93727 WEATHER RADAR SYSTEM 
ATMOS IV 
RADAR CHARACTERISTICS: 
Wave length 
Frequency 
Peak power 
Pulse Width 
PRR 
Duty cycle 
Receiver sensitivity 
I.F. Frequency 
I.F. Bandwidth 
Presentation 
Range 
Antenna size 
Antenna pattern 
Antenna tilt range 
Antenna rotation 
J.2 centimeters 
9J80 Mc 
50 KW 
0.50, 1.50, 2.J5 
400 and 900 
.001 
-97cb 
JO Mc 
J Mc 
2 - 10" PPI scopes; ,1 - 5" A- scope 
160 statute miles (20, 40, 80, 160) 
Jon parabola 
JO pencil beam 
-50 to +J5° 
360 0 
Antenna speed 5-14 rpm 
Contour circuit Yes 
Power requirement 115/1/60 
1. Traveleze 24' tandem axle house trailer complete with all 
living facilities. 
2. Radar set: 
J. 
a. One - 19" rack mounted transmitter, modulator, 
receiver and indicator 
b. One - 10" remote PPI indicator - 19" rack mounted 
c. One - 19" rack mounted oscilloscope, TS 147D test 
equipment and camera control panel. 
d. Digital Display. Three J-digit nixie sections plus 
illuminated clock, installed around remote indicator 
and photographed by time-lapse camera. 
e. 
Test 
a. 
b. 
c. 
d. 
16mm time-lapse camera and mounting rack. Self-
winding mechanism. 
equipment: 
Tektronix professional oscilloscope - rack mounted 
TS-147D signal generator for power test and receiver 
sensitivity -- rack mounted 
Tube tester 
Volt - OHM meter 
4. Miscellaneous items: 
a. Fire extinguisher 
b. One set of spare tubes 
c. Tool set 
5. Weight: 
a. Total rolling weight: 4,750 lbs. 
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APPENDIX G. 
LIST OF SUPPLEMENTAL SUBMISSIONS 
This is a list of submissions provided to Utah 
State University as a supplement to this report. The 
data are part of total operations under the Wasatch 
Airborne Seeding Program: 
1. Selected and Reduced Meteorological 
Data for all Seeding Test Cases. 
2. Miscellaneous meteorological data related 
to vari ous peri ods throughout ,the 1969-70 
operational period. 
3. Radar time-lapse footage . 
4. Condensation and ice nuclei measurement data 
and general summaries. 
5. Flight forms with related seeding and mete-
orological data . 
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